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Abstract
This thesis describes the design of the Associative PDA,
a mobile user interface for personal information manage-
ment, that is the organization of all the information relevant
on a daily basis. It is based on the associative network, or-
ganizing information by directly connecting related items
with each other. To find information, the network is tra-
versed or a search is performed in the shared neighbor-
hoods of relevant items.
Before starting the design process, we have conducted a
contextual inquiry to understand the current practices of
PIM. I have observed ten users in the field while doing their
work to learn from their problems and strategies. The find-
ings of this study have led to many interesting insights into
the challenges of PIM.
We have developed the Associative PDA in three cycles of
an iterative, user-centered design process. First, we have
created storyboards to illustrate our design ideas and eval-
uated their feasibility with the users. Then, we have created
a paper prototype to test the interface and gather early feed-
back about the basic interactions and visualizations of the
system. Finally, we have designed a prototype in Adobe
Flash to show its utility and collect feedback about details
of the interface.
The final prototype was also used for an additional evalua-
tion where we have compared our system with a commer-
cially available reference system. This study has pointed
out a general problem of evaluating PIM systems.
The outcome of this project is a working, interactive proto-
xiv Abstract
type and a list of issues that should be addressed to further
improve the system.
xv
U¨berblick
Diese These beschreibt den Assoziativen PDA, eine mo-
bile Benutzerschnittstelle fu¨r perso¨nliches Informations-
management (PIM), wobei es sich um die Organisation
aller Informationen des ta¨glichen Gebrauchs handelt. Das
System basiert auf dem Assoziativen Netzwerk, worin In-
formationen organisiert werden indem sie direkt miteinan-
der verbunden werden. Um Informationen aufzufinden
kann das Netzwerk durchlaufen werden oder es ko¨nnen
die Nachbarschaften mehrerer relevanten Informationsob-
jekte durchsucht werden.
Vor dem Beginn des Designprozesses haben wir eine kon-
textabha¨ngige Untersuchung durchgefu¨hrt, um die Praxis
des PIM kennen zu lernen. Ich habe zehn Benutzer im Feld
wa¨hrend ihrer Arbeit untersucht, um von ihren Problemen
und Strategien zu lernen. Der Befund dieser Studie hat
viele interessanten Einsichten in die Schwierigkeiten von
PIM erbracht.
Wir haben den Assoziativen PDA in drei Zyklen eines it-
erativen, benutzerzentrierten Design Prozesses entwickelt.
Zuerst haben wir Storyboards erstellen, um unsere De-
sign Ideen zu illustrieren und deren Machbarkeit auszuw-
erten. Dann haben wir einen Papierprototypen zum Testen
der Benutzeroberfla¨che und zum fru¨hen Sammeln von
Meinungen u¨ber Interaktionen und Visualisierungen er-
stellt. Zuletzt haben wir einen Prototypen in Adobe Flash
entwickelt, um die Nu¨tzlichkeit des Systems zu zeigen
und Feedback u¨ber Einzelheiten der Benutzeroberfla¨che zu
sammeln.
Der letzte Prototyp wurde ferner fu¨r eine zusa¨tzliche
xvi U¨berblick
Studie genutzt, um unser Systemmit einem kommerziellen
Referenz-System zu vergleichen. Durch diese Studie wur-
den wir auf ein generelles Problem an der Auswertung von
PIM System aufmerksam gemacht.
Das Ergebnis dieses Projektes ist ein funktionierender, in-
teraktiver Prototyp und eine Liste von Problemen und
Ideen, die angegangen werden so¨llten um das System in
Zukunft weiter zu verbessern.
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Conventions
Throughout this thesis, I use the following conventions:
The whole thesis is written in American English.
There are two central characters in this thesis: the user and
the designer. Instead of avoiding the singular pronoun, I
decided to use ‘she’, whenever I am referring to the user,
and ‘he’ whenever I am referring to the designer. This is
not to imply anything about the composition of the actual
population.

1Chapter 1
Introduction
“Here’s to the crazy ones, the misfits, the rebels,
the troublemakers, the round pegs in the square
holes... the ones who see things differently - they’re
not fond of rules... You can quote them, disagree
with them, glorify or vilify them, but the only thing
you can’t do is ignore them because they change
things... they push the human race forward, and
while some may see them as the crazy ones, we see
genius, because the ones who are crazy enough to
think that they can change the world, are the ones
who do.”
—Steve Jobs
Personal Information Management (PIM) is the manage- PIM is the daily
management of
information
ment of all the information that is relevant for our daily
life. For most people this includes email messages, con-
tact information, calendar appointments, to-do items, and
all kinds of documents. The efficient management of
this information is important because being able to access,
change, and store information is a vital part of many work-
related or personal activities.
PIM, as of today, is an unsolved problem. There is much
need to improve organizational habits by providing bet-
ter systems for the user. Many people struggle with their
daily information load and frequently misplace or forget
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important items, which is frustrating and can have disas-
trous consequences. Imagine a physician, for instance, ap-
plying the wrong treatment to a patient because the lab re-
sults were mixed up with another patient.
In this thesis, I will elaborate on the design process of aFour people were
involved in this
project
new system for PIM, we call the Associative PDA. I have
collaborated with David Holman, Thorsten Karrer, and Jan
Borchers to come up with an initial concept and to plan
the progression of the project. In intermediate sessions,
we have met again to refine the design according to user
feedback and plan the next step in more detail. Further, all
of the above have always been available for questions and
guidance about the project, which I took advantage of on
several occasions. Other than that, I have worked on this
project by myself, designing, implementing, and evaluat-
ing all of the prototypes, as well as writing this document
on my own.
The system I will introduce here is a new approach to the
problem of PIM in two ways:
1. It concentrates on the mobile aspect of PIM. ManyMobility is an
important aspect of
PIM
PIM activities actually happen while the user is in
transit. While this has been addressed by some com-
mercial solutions like the personal digital assistant
(PDA), the SmartPhone, or even many regular cell
phones, only very few references are found in current
literature about the importance of mobility in PIM.
We believe that a successful PIM system must adhere
to the problem of mobility and hope to create a new
awareness with this project.
2. It challenges the long-established use of hierarchies toAn associative
network is more
flexible than a
hierarchy
organize information. In a hierarchy every informa-
tion item is subordinate to exactly one element with
the root element at the top of the hierarchy. In PIM
the hierarchical organization is often realized using a
folders and files metaphor, where each item can ei-
ther be a folder, holding any number of subordinate
items, or a file, a representation for an actual informa-
tion item. We believe this organizational method is
too restrictive to come up to the users’ real needs and
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propose the more flexible associative network struc-
ture to organize information instead.
Another goal of the Associative PDA is to become an exam-
ple of an Organic User Interface (OUI). A system based on
associations is a good premise for the realization of an OUI
because the underlying model is very similar to a popular
model of human memory, and it can, therefore, draw on an
intuitive understanding of this model by the user.
Before talking about the project, I need to explain the con-
cept of associations, OUIs, and iterative user-centered de-
sign, which all had great impact on the design and the pro-
gression of the project.
1.1 The Associative Network
Associations are mental connections between ideas or Associations are
mental connections
between ideas
things. They are used in a popular model of human mem-
ory: the semantic model (see Dix et al. [1997]). Here, hu-
mans remember new thoughts by creating associations be-
tween them and existing knowledge. This way, an associa-
tive network of knowledge is created andmaintained in the
memory. To recall knowledge, associations are triggered
and the connected information is remembered.
In the Associative PDA, information is organized in a sim-
ilar way. Information is stored as individual information
items, which are representations of any piece of informa-
tion, like a person or a document. These items can be di-
rectly connected to other items, using undirected connec-
tions accessible from both sides.
Figure 1.1 displays a small example network, showing the Information can be
found in the network
in two ways:
traversal and search
relationships between a cat, Lassie, Garfield, and Leonard
Nimoy. There are two ways to find information in such a
network:
1. Associations can be traversed until the desired item is
found: In the given example, imagine you wanted to
4 1 Introduction
Animal
TV Star
Cartoon 
Character
Figure 1.1: Example of an associative network
find Garfield. If you decided to start with the animals
item, you would move to the cat item because you
remember that Garfield is a cat. From the cat item,
you could immediatelymove to Garfield and arrive at
your destination. Instead, you could also remember
that Garfield has something in common with Lassie
and move over his item to the shared concept of TV
Stars and finally reach the Garfield item in the next
step.
2. Items can be found by identifying multiple related
items and then searching only the combined neigh-
borhoods: Now Imagine you wanted to find Lassie.
You know that Lassie is both an animal and a TV star.
Therefore, you would select both items and initiate
a search of their shared neighborhoods. This search
computes for every item in the network the cumula-
tive distance to all selected items, returning as a result
a list of items, ordered by the computed distance. I
will discuss different possible measures for this dis-
tance in chapter 9. Since in our example only Lassie
is directly connected to both items, it would show up
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as the top result.
1.2 Organic User Interfaces
The Windows-Icons-Menus-Pointers interaction style, in-
troduced by Douglas Engelbart in a demo of the NLS in
1968, was amajor milestone for the design of graphical user
interfaces and is still predominant among current operat-
ing systems (see Dix et al. [1997]). Since then, many design
guidelines and rules have been proposed, for instance the
Golden Rules by Shneiderman [1997], to improve the us-
ability of user interfaces. The notion of OUIs tries to capture
the essence of these principles in a new design metaphor.
OUIs respect and are inspired by the natural laws of OUIs follow natural
lawsphysics, biology, and human cognition. They must fol-
low the principles of fluidity, intuitiveness, robustness, and
calmness.
1.2.1 Fluidity
An interface is fluid if it follows a simple set of rules the Follow simple rules
user can always rely on. In the physical world this princi-
ple is enforced by the omnipresent rules of physics. Paper,
for instance, always behaves in the same expected way. It
can be written on without the text suddenly disappearing
and stored without unexpectedly moving or vanishing. All
physical phenomena, independent of their complexity, can
be somehow explained by the laws of physics. Similarly, bi-
ological systems follow their own simple rules. Bird flight
paths, for instance, appear complex yet self-organizing.
Their order is always restored by simple rules that are in
effect. OUIs support this notion by providing clear rules
that enforce consistent constraints throughout the system.
1.2.2 Intuitiveness
OUIs appear familiar by making use of clear affordances, Convey natural
understanding
6 1 Introduction
natural mappings, and constraints (see Norman [1988]).
Analogies are found in biological systems: Some highly
poisonous animals and plants appear in bright colors to
warn their predators of the poison. Over time, bright col-
ors have come to afford poison and danger. Eventually,
some animals and plants have abused this evolutionary af-
fordance by mimicking the poisonous appearance without
actually being poisonous. Conventions like these guide liv-
ing beings through their daily struggle and can similarly
guide human beings. To design for the human, we must
understand the abilities and limitations of human cognition
and find the most natural interactions and visualizations to
support their activities. OUIs do so by conveying a natural
understanding of the underlying functionality.
1.2.3 Robustness
OUIs must be robust in that they do not break down eas-Recover from errors
ily and can recover from errors, possibly with degraded
functionality until repair is available. In nature, if a biolog-
ical system simply collapsed after a small mistake, it would
die out. Instead, biological systems evolve and learn to
overcome or avoid life-threatening hazards. While it might
not be feasible to create software that evolves and learns
to overcome its own errors, OUIs must at least be stable
enough to survive any predictable situation they might be
confronted with.
1.2.4 Calmness
A calm interface will never interfere with the user’s naturalDo not intervene
flow of work. Information output is represented in a non-
intrusive way, which is immediately available if needed but
otherwise not distracting. In nature, a forest conveys a great
deal of information in a very calm and soothing way. The
visitor can concentrate on the information provided or sim-
ply ignore it and focus on something else. Similarly, OUIs
must allow the user to decide how much attention to focus
on the interface.
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Besides having a clear design metaphor and following the
established guidelines of the field, it is important to involve
the user in the design process. The next section will de-
scribe the design process I have adopted and its implication
on the design.
1.3 Iterative User-Centered Design
Nielsen [1993] describes the iterative user-interface design Iterative
user-centered design
increases a system’s
usability
process and its benefits for increasing the usability of a
given system. The perfect design is dependent on so many
subtle factors that it cannot be found in the first attempt,
if ever. Instead, designers must concentrate on evaluating
and improving their design until they reach an outcome, for
which the effort of further optimizing it exceeds the benefit
of increased usability.
Iterative development is characterized by the design- Iterative development
is characterized by
the DIA cycle
implement-analyze (DIA) cycle. In the design phase, find-
ings of the analysis are interpreted and conceptualized into
the design. Afterwards, in the implementation phase, the
design is implemented in the form of a prototype or final
system. Finally, in the analysis phase, the system is evalu-
ated in small user tests of usually around ten participants.
The analysis concentrates on usability issues, aiming at dis-
covering a qualitative overview rather than quantitative
measure. With each iteration of the DIA cycle, the system
becomes more refined and usable. Figure 1.2 illustrates the
DIA cycle.
Design
ImplementAnalyze
Figure 1.2: The DIA cycle
A system’s usability consists of several aspects: ease of Some aspects of
usability are more
important than others
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learning, efficiency of use, ease of remembering, error-
freeness or error-forgivingness, and pleasure of use. These
attributes are not necessarily of equal importance, and the
focus of the development should be adjusted accordingly.
Sometimes, it is sufficient if certain attribute performances
are just above a bare minimum and development effort is
better spent improving more important attributes. User ef-
ficiency is often seen as the most substantial attribute be-
cause of its direct impact on task performance.
For the main part of my work, I have adhered strictly to the
iterative user-centered design process. I have designed, im-
plemented, and evaluated three prototypes, of which most
of the results had a strong influence on the succeeding de-
sign or were postponed for future work. In addition, I have
started out with an extra analysis phase where I have con-
ducted a contextual inquiry to learn about current behavior.
I have concluded my work with another analysis phase to
evaluate the final prototype in more detail and compare it
to a commercial system.
1.4 Chapter Overview
Chapter 1: In the first chapter, I define PIM and give mo-
tivation why it is an important and unsolved prob-
lem. Further, I explain our approach to solve the
problem and how it differs from what has been done
before. Then, I describe the associative network, the
notion of Organic User Interfaces, and the iterative
user-centered design process, which are all important
concepts that had great influence on this project.
Chapter 2: The second chapter covers the theoretical back-
ground of PIM. After providing a short historical in-
troduction to the field, I will describe a conceptual
framework of PIM activities. Afterwards, I will dis-
cuss some psychological issues of PIM and argue
that it is important to understand the capabilities of
the human being before designing for PIM. Then,
I will present the importance of a user-subjective
view on PIM and finish with explaining the problems
of having multiple organizational hierarchies in the
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workspace.
Chapter 3: Chapter three presents several PIM design
projects that have influenced my work. I will de-
scribe the Semex system, which also uses associations
to store and organize information. Then, I will de-
scribe Haystack, a semantic approach to PIM, and fi-
nally UMEA, a project-oriented PIM system. All of
these systems have in common, just like the Associa-
tive PDA, that they integrate all PIM activities into
one application.
Chapter 4: The fourth chapter describes the contextual in-
quiry I have conducted by first explaining the tech-
nique in detail and then presenting the study and its
results. For each finding, I argue how it has influ-
enced my understanding of how PIM is actually per-
formed and, consequently, the design of the first pro-
totype.
Chapter 5: Chapter five introduces the first prototype I
have created and how it was evaluated. I have drawn
multiple storyboards to illustrate the initial design
ideas and gain early feedback from the users. The
evaluation was administrated through a life inter-
view with an open discussion. All results are pre-
sented, and it is analyzed how the design can be
changed to meet the new insights.
Chapter 6: In chapter six, I will describe the second pro-
totype, a paper prototype, and its evaluation. This
prototype’s evaluation aimed mostly at gaining feed-
back about whether users understood the concept of
associations and whether our way of visualizing and
interacting with them appears natural. The results of
the paper prototype yieldedmany interesting sugges-
tions for design improvements and also raised some
new challenges and concerns about the interactions.
Chapter 7: The seventh chapter describes the third and fi-
nal prototype of the Associative PDA, a Flash proto-
type. With this computerized, interactive prototype,
we hoped to gain insight into whether users would
understand the interactions of the system and could
accomplish simple tasks at reasonable performance.
The evaluation of this prototypewas fully automated,
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which allowed us to approach a larger user popula-
tion and get quantitative usability results.
Chapter 8: Chapter eight describes the final evaluation of
the Flash prototype, where I have compared the Asso-
ciative PDA with a commercially-available reference
system. I have mirrored the information space from
the prototype to the reference system and measured
task completion times on both systems.
Chapter 9: The last chapter discusses the outcome of the
project up to the point of the submission of this doc-
ument, and what should be done in the future. Sev-
eral open issues are discussed and how they can be
solved in future design improvements. Then, I dis-
cuss a general problem of evaluating PIM system we
had faced in this project. I finish by describing the
tools and techniques that have helped the most in the
development of this system.
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Chapter 2
Theory
“He who loves practice without theory is like the
sailor who boards ship without a rudder and
compass and never knows where he may cast.”
—Leonardo Da Vinci
The origins of PIM research can be traced back to an arti- Origins of PIM:
Memexcle by Vanevar Bush [1945]. He stated that scientific papers
were being produced at a rate that exceeded the available
means of organization, resulting in much of the work being
inaccessible. He urged his fellow scientists to come up with
ways to make information more accessible. In this context,
he proposed his vision of the Memex, an electronic device
for storing and finding information. The Memex was sup-
posedly linked to a library and able to search and display
its content. Further, it could automatically create and fol-
low cross-references to other documents.
This vision inspired Ted Nelson (see Carmody et al. [1969]) The next step:
Hypertextand Douglas Engelbart (see NLS Demo from 19681 ) to in-
dependently come up with the idea of hypertext, which is
one of the basic concepts of the world wide web. These
technologies have had a profound influence on how we, as
individuals, acquire and store our personal information.
Early research that formalized personal information man- Understand the
practices by
conducting user
studies
1http://sloan.stanford.edu/mousesite/1968Demo.html
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agement activities was expressed by Malone [1983]. He
had observed that the design of many PIM systems at
the time was not based on a solid understanding of cur-
rent organizational habits. To overcome this insufficiency,
he conducted a study to determine how people organize
their physical desks. This study has become an archetype
for many subsequent PIM studies, for instance by Barreau
[1995] or by Boardman and Sasse [2004].
PIM research has advanced in two main areas: by creatingPIM advancement:
theory and practice a theoretical framework of PIM activities through observa-
tion and interpretation of PIM behavior and by designing
and evaluating new system prototypes based on the theo-
retical knowledge.
This chapter first presents a conceptual framework of PIM
activities, followed by a discussion of psychological issues.
Then, I will present the importance of a user-subjective ap-
proach to PIM and finally explain the problem of multiple
hierarchies in the workspace.
2.1 Conceptual Framework of PIM Activi-
ties
Barreau [1995] describes personal information manage-PIM activities:
acquisition,
organization,
maintenance,
retrieval
ment as the acquisition, organization, maintenance, and re-
trieval of information for individual use in a personal work
environment. Because of the individuality of PIM, users
develop personalized strategies to solve their unique tasks.
The following is a description of the basic PIM activities
and typical challenges.
2.1.1 Acquisition
Acquiring information is the process of storing a local copyAcquisition is
keeping information of or reference to an encountered information item.
Most of the time, the user decides what to include in her
PIM system, and much of the included information is ac-
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tually produced or adapted by the user. Exceptions are be-
cause of technical or work-related constraints, forcing the
user to include or exclude certain information.
Information acquisition is chieflymotivated by need. While
acquiring information, the user is immersed in traditional
work-related tasks and generally not concerned with max-
imizing the capabilities of the system. The user’s goal is to
hold on to valuable information, not to store it as purpose-
fully as possible.
Finally, information is acquired from multiple, distributed
sources like file archives or the world wide web and of a
large variety of formats and topics such as documents, con-
tact details, or appointments.
2.1.2 Organization
Organization of information is the process of naming, clas- Organization is
placing information
into context
sifying, grouping, and placing information into context to
make it available for later retrieval.
Attributes can be used to refine the organization of infor-
mation. In PIM, such attributes can be very personal and
hard to differentiate, like personal importance or relevance
for a certain undertaking. According to Kwasnik [1989], the
purpose of the information is often the most important at-
tribute used for organization.
Complexity of work has influence on the organization of
information: Very large and complex collections are sub-
divided into smaller areas with adapted rules of classifi-
cation. If the system fails to support this finer granular-
ity of organization, compensating strategies like the use of
suffixes in names to represent individual topics are used.
Much newly acquired information, on the other hand, is
important for only brief periods of time and little or no en-
ergy is put into its organization.
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2.1.3 Maintenance
Maintenance is the process of identifying and processingMaintenance is
updating the
structure
outdated or faulty information, as well as updating the or-
ganizational structure.
Information systems grow over time, as the users add more
information to them. This growth can impair on the orga-
nization and, consequently, the retrieval of information and
should be compensated by appropriate maintenance activ-
ities.
Most users are not aware of the need for maintenance activ-
ities, even though they know that these mechanisms exist
and how to use them. The general philosophy is: “If it ain’t
broke, don’t fix it”. If maintenance is done, it is typically
motivated by external demand or a conscious effort to im-
prove anticipated retrieval.
2.1.4 Retrieval
Information retrieval is the process of identifying and find-Retrieval is finding
information ing the desired information in the system, concluded by
providing means for viewing and changing the informa-
tion.
Retrieval activities rely heavily on the organization of the
information. Information is found by identifying its loca-
tion in the organizational structure, for instance by describ-
ing the position in a classification hierarchy or by identify-
ing its attribute values.
The way in which information is identified by the user de-
pends on her current situation. Attributes describing the
context of acquisition, like time or place, can support the
process of retrieval.
Information retrieval is typically initiated by a location-
based probe, a jump to the general area in the organization
where the item is assumed to be, followed by browsing,
the activity of scanning and traversing the neighborhood
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around the current location. Browsing has a lower cogni-
tive load and is typically preferred, even if faster direct-
access methods are known to the user. In addition, it pro-
vides an overview of the system’s content.
Finally, the retrieved information must be visualized ap-
propriately using adaptive methods of output.
2.2 The Psychology of Personal Informa-
tion Management
Lansdale [1988] shows that many of the problems and chal- PIM is rooted in
psychologylenges of PIM are deeply rooted in human psychology and
that the process of finding the best strategy can be seen as
making a trade-off between available strategies with the
goal of minimizing the difficulty of the task at hand. To
support this process we need to understand what humans
are good at and what they find difficult.
2.2.1 Human Abilities
Organization of information is achieved by classification. Keyword
categorization is
hard for humans
In most systems, this is done by categorization using natu-
ral language keywords. Natural language, though, is am-
biguous: Any keyword can be used to express several con-
cepts and vice versa. The meaning of a keyword is highly
dependent on the context of its use. If the context is not pre-
served, categories used for storing information might not
match those intended for retrieving the same information.
Conclusively, there is no single best category for storing in-
formation, and finding good categories requires the labori-
ous task of anticipating all situations where the information
will be retrieved.
For the retrieval of personal information we need to re- Humans do not
remember details
and what they
remember depends
on the context
member certain aspects of it. Therefore, a good PIM sys-
tem should exploit the strengths of human memory while
avoiding its weaknesses. There are two important obser-
vations about memory: Firstly, humans find it easier to re-
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member the meaning of information instead of its details
and secondly, humans can recall only a fraction of the in-
formation stored in memory, which is dependent on the sit-
uation of inquiry. Consequently, users should understand
the information and how it is organized, and the situation
of information recall should match that of its storage.
2.2.2 Implications for Design
In his conclusion Lansdale [1988] provides a framework for
future research and design:
Every attempt at retrieving information in-Retrieval is
searching, followed
by scanning
volves two distinct psychological processes:
recall-directed search, followed by recognition-
based scanning. [...] The observed behavior
with any information storage and retrieval sys-
tem can be seen as a trade-off between these two
processes. [...] A future system should be as
near to an optimization of the two processes as
possible: recall processes should allow the users
to use whatever memory they have to limit the
area of the database to be searched; and then
the information within this area of the database
should be represented in such a way as to max-
imally assist the search process.
Allowing the use of multiple keywords to classify informa-Multiple keywords
lead to recall versus
precision dilemma
tion suffers from the same problems of ambiguity of natu-
ral language and ultimately leads to the recall versus pre-
cision dilemma (see Christie [1985]): The more keywords
are used to classify information, the more likely it is that
the information can be found, but the greater the amount
of unwanted recall will be, and vice versa. However, it
seems reasonable that matters can be improved by using
synonyms and semantic keywords.
Additionally , information about the information, like size,Implicit
meta-information
holds valuable cues
for retrieval
structure, or relationships to other information items, holds
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valuable cues for its retrieval. This information is often im-
plicitly visible in paper-based documents. Bymaking it vis-
ible in electronic systems as well, the scanning process can
be improved. Attributes have different purposes, though,
and should be visualized accordingly. For instance, the size
of a document in the number of characters is of little use
for recall, since humans find it hard to remember precise
quantities.
Finally, a problem of recall can be seen just as well as a prob- Humans do not file
but the more filing is
automated, the less it
is remembered
lem of storage: Information is lost because it is not filed
properly. Humans do not spend much effort on filing ac-
tivities because they do not experience any immediate pay-
back. According to Bower [1970], however, it is much easier
for humans to remember self-assigned material than that
provided for them. This leads to the following dilemma:
The more the user has to do when storing information, the
less likely she is to do it, and the more the process is auto-
mated, the less she will remember about it. Future research
should concentrate on two areas: how the storage process
can be made as easy as possible without taking away con-
trol from the user and what details will be remembered if
the entire system is automated.
2.3 The User-Subjective Approach to Per-
sonal Information Management
One of the aspects of PIM is that it is personal, whichmeans PIM is personal
that the considered information is used and managed by
a single user. This led Bergman et al. [2003] to suggest a
user-subjective approach to PIM, advocating that PIM sys-
tems should relate to the subjective attributes the user pro-
vides. They propose three generic principles to be consid-
ered when designing PIM systems:
• Subjective Classification Principle: Classify information Classify related
information under
same topic
that belongs to the same subjective topic under the
same category. Such topics are subjective to the user
because the same information might be classified dif-
ferently by a different user. For instance, the Roque-
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fort Caves might be classified under “Trip to France”
or “Geology Course”, depending on the user. The
system should allow for these personal differences
and not force a universal classification in general top-
ics on the user.
• Subjective Importance Principle: Characterize and visu-Characterize
information by
importance
alize information according to its subjective impor-
tance. Importance of information is subjective be-
cause what is invaluable to one person might be use-
less to another. This importance should be recorded
and visualized properly, making important items
highly visible and accessible and removing unimpor-
tant items from immediate sight.
• Subjective Context Principle: Retain the subjective con-Retain the context
text of the information. The context in which informa-
tion is used is subjective to the person who uses the
information. It consists of three components: exter-
nal context relates to the work environment; internal
context relates to the user’s thoughts; and temporal
context relates to the state of and plans for the use of
the information. The system should capture this con-
text, tie it to the information, and restore it when it is
accessed again.
These principles have several implications on the design of
PIM systems.
First of all, the user should be allowed to see all informationEmploy system-wide
classification related to a topic together. This implies that all informa-
tion is organized under a single system-wide classification
scheme that is personalized for the user.
Further, information items should be attributed with sub-
jective importance, which defines their general visibility
and accessibility. This can be achieved by changing their
visual appearance, like color or size.
Finally, information items should keep references to exter-
nal context, like a web page that was used to write a doc-
ument, store the internal appearance when the work was
last abandoned, like cursor position, and retain the state of
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the information by tracing previous and allowing to plan
future steps.
2.4 Multiple Hierarchies in the User
Workspace
It is also important to look at current practices when de- PIM strategies differ
between types and
evolve over time
signing PIM systems. Boardman and Sasse [2004] have
collected cross-tool and long-term data of PIM strategies
in a desktop environment. They have found that individ-
ual strategies differ between types and evolve over time.
Based on the results, they have analyzed the nature of PIM
sub-activities and developed a strategy classification that
reflects this behavior.
Information is acquired differently between individual
tools: Emails arrive automatically while files and book-
marks are stored manually. The acquired information is
also valued differently: Files have the highest and book-
marks the lowest value. The amount of files and emails is
similar while there are much fewer bookmarks.
Organization of information is measured by the amount of Organization is not
consistent between
tools
information that is filed on a daily basis and how often
filing is done (immediately, occasionally, never). In their
study, the underlying organization of each tool was based
on a folder hierarchy. The majority of subjects employed
extensive filing strategies for files. For emails filing was
done generally less extensively, and for bookmarks the ma-
jority of users filed only sporadically. There were multiple
organization strategies in effect for each collection and the
employed strategies were not consistent between the dif-
ferent tools. Likely factors for the variation in these strate-
gies are the perceived value of the information, likelihood
of retrieval, availability of meta-information (like sender or
subject), style of acquisition (automated or manual), and
personal factors.
Maintenance is done rarely for all three collections. Instead Maintenance is rarely
doneof archiving old information, it is moved out of the way, to-
gether with all other unfiled information. Extensive main-
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tenance is mostly done during major changes in life, like
new employment.
To retrieve information, browsing is preferred over search-Browsing is preferred
over searching ing for all collections. Files are typically retrieved using a
mix of location-based browsing of folders and sorting the
items in the folders. For emails, sorting and scanning of
items in the inbox is the most employed strategy. Book-
marks are found similarly scanning the most recent items.
Paradoxically, most of the archived information is never re-
trieved, but if an item cannot be found, it is highly frustrat-
ing for the user. The main reasons for such breakdowns are
item deletion, clutter, and misfiling.
All collections grew over time, but bookmarksmuch slowerClassification
systems evolve than files or emails. Similarly, all hierarchies evolved over
time with by far the most changes occurring in the file hi-
erarchy. Two of the eight participants of the study changed
their PIM strategies during the study. Both changes were
encouraged by reflection through the interviews. The
changes were very subtle but valuable to the users.
The results have a direct implication on the integration of
PIM-tools. The integrated system must support variations
in the employed organizations among users and informa-
tion types, and it must allow the user to changed the orga-
nization over time.
By knowing and understanding the theory of a field, much
wasted time and frustration can be avoided. As Sam Lev-
enson puts it: “You must learn from the mistakes of others.
You can’t possibly live long enough to make them all your-
self.”
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Chapter 3
Related Work
“Have you ever observed that we pay much
more attention to a wise passage when it is quoted
than when we read it in the original author?”
—Philip G. Hamerton
Many innovative systems have been proposed for PIM. I
will introduce only a small selection here, appearing espe-
cially interesting in the context of this project because they
also aim at integrating all PIM activities into a complete sys-
tem.
3.1 Semex
The Semantic Explorer (Semex) by Cai et al. [2005] is a flexi-
ble platform for PIM based on associations. It is built on top
of an existing organizational system to provide new ways
for information retrieval. Figure 3.1 shows a sample screen-
shot of the system.
Themain goals of the project are to allow browsing by asso- Semex allows
browsing by
association
ciation of conventional information collections and to lever-
age these associations to increase the user’s productivity.
Associations connect information items from several inde-
pendent sources, creating an integrated information space
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Figure 3.1: Screenshot of the Semex user interface while performing a keyword
search (from washington.edua )
ahttp://data.cs.washington.edu/semex/semex.html
that allows the user to find and work with information in-
dependent of its source and type.
The domain model defines information classes (types) andThe domain model
defines classes and
associations
their associations. It can be extended in twoways: by exam-
ple (browsing patterns are recognized and translated into
new associations) or by definition.
Associations are created in several ways: Simple associa-Associations can be
inherent, extracted,
acquired, or defined
tions are already inherent in the data itself, like the contact
information of a person in an address book; extracted asso-
ciations are created by analyzing the content of the informa-
tion, for instance by extracting author names and citations
from a document source; external associations are imported
from external sources like databases or web services; de-
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fined associations are manually defined by the user. The
Semex system emphasizes on the automatic generation of
associations in the form of simple, extracted, or external as-
sociations.
Information is retrieved in three different ways: A system-
wide keyword search returns all items that somehow men-
tion the keyword, ordered by their class; an attribute search
over a specific class identifies only items of the class with
a matching attribute value; and association queries allow
the user to specify items by their associations. Further, the
user can browse the information space by traversing asso-
ciations. For each item all of its associated items are dis-
played and can be accessed, grouped by the association.
The Semex system is very similar to the Associative PDA:
Both systems rely on associations to organize information.
The major difference between the two systems is a con-
ceptual one. The former extends an existing PIM system
by proving new ways of interaction. The latter replaces
an existing system with a new way of organizing infor-
mation. This results in fundamentally different system re-
quirements. For the Associative PDA it is assumed that all
of the user’s information is already existent in the associa-
tive network and issues like automatically generating asso-
ciations and querying multiple information sources are of
little importance.
3.2 Haystack
Huynh et al. [2002] have developed Haystack, a platform Haystack is based on
RDFfor creating, organizing, and visualizing information using
the resource description framework (RDF). It is built on top
of an existing organizational system to provide new ways
of interacting with the information. Figure 3.2 shows the
startup screen of the Haystack system.
The RDF is a W3C specification (see w3.org1 ) of a meta RDF is used to
model knowledgemodel describing resources by statements of the form
subject-predicate-object. It is generally used for modeling
1http://www.w3.org/RDF/
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Figure 3.2: Screenshot of the Haystack startup screen (from mit.edua )
ahttp://haystack.lcs.mit.edu/
knowledge by expressing facts about the target domain as
statements.
The goals of Haystack are: to maximize the flexibility inHaystack employs a
unified classification
system
how the user can organize her information; to unify all
information in a single organizational scheme; to provide
easy means for visualization and manipulation of informa-
tion appropriate to the task at hand; and to automate cer-
tain information processing tasks using agents.
/ The main concept of Haystack is to describe the informa-Items are organized
in collections tion, its visualization, and the process of automation in a
single modeling language: RDF. This model is defined in a
system ontology which can be extended by the user. The
ontology defines classes, their properties, how they are vi-
sualized, and the automatic procedures that can be applied
to them.
3.3 UMEA 25
Information is organized in two distinct ways. Items can
be classified in collections where the interactions afford the
use of multiple collections for each item. Further, direct re-
lationships can be indicated using an integrated graph edi-
tor.
The visualization of information items is defined entirely
in RDF. The user can change the visualization during run-
time and adapt it to her needs. Additionally, all changes
are stored in RDF, allowing these visualization solutions to
be shared with other users. This also enforces a uniform
user interface where all semantically identical elements act
in the same way. Context menus, for instance, are defined
by information type, consequently providing a uniform set
of operations per interface element.
The unified structure of the information provided by RDF
facilitates the creation of agents to automatically process te-
dious tasks for the user. To support this task, the authors
have developed the scripting language Adenine, which can
be compiled into RDF, allowing agents to be easily inte-
grated into Haystack.
The semantic model underlying the Haystack system is
similar to the associative network of the Associative PDA.
Both models aim at representing the information space of
the user in a logically concise way. The associative network
is more flexible, though, by allowing direct connections be-
tween any information items without relying on a formal
ontology or special collection objects.
3.3 UMEA
The User-Monitoring Environment for Activities (UMEA) UMEA represents a
project-centered
approach to PIM
by Kaptelinin [2003] is an application that provides the user
with a project-centered approach to information manage-
ment. After defining high-level activities, such as projects,
the system tracks all information belonging to these activi-
ties while the user works with the system. The information
can then be accessed by the high-level activity.
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The approach of this system is informed by activity theory.UMEA is informed by
activity theory This has several implications for the design of such a sys-
tem: The meaning of information is determined by the con-
text of the activity and focus on context is switched con-
stantly; activities depend on the social and physical con-
text; and a PIM system is a mediating tool and should be
transparent, preventing the user from having to focus any
attention on interacting with it.
UMEA achieves these premises by allowing the user to di-
rectly indicate projects, by monitoring user activities and
used resources for each project, and by organizing themon-
itored information automatically to make it easily accessi-
ble upon resuming a project.
The application runs in two modes: The foreground modeUMEA monitors user
activity displays projects and allows the user to view and change
the organization of information by project. The background
mode monitors user activities and used resources.
The author has conducted an empirical study of the sys-
tem’s performance, evaluating it over several weeks with
eight test users. All participants but one found the system
useful. One of the major problems of the system is the oc-
currence of multi-purpose activities, such as checking email
or surfing the web, which cannot be appointed to any high-
level activity. Such activities must be identified and consid-
ered separately from ordinary activities.
UMEA organizes information according to user activities.
The Associative PDA supports this organization but does
not enforce it throughout the system. It will be interesting
to observe whether users will come up naturally with an
organizational behavior that reflects this activity-centered
approach.
The presented systems illustrate well the general course of
designing for PIM: Researchers develop new ways of in-
teracting with personal information by creating innovative
interfaces to existing data. The Associative PDA chooses a
different approach, where the underlying structure of the
data and consequently the user’s understanding of it is
challenged.
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Chapter 4
Contextual Inquiry
“Consider trying to teach someone to drive not
in a car, but in a conference room. With no pedals,
turn signal, or steering wheel, explain what’s
involved in making a turn. Try to describe what the
road might look like, when to slow down, when to
put on the turn signal, when to turn the wheel and
how fast. It would be tempting to borrow a pie plate
for a wheel and blocks for pedals. But even then, it
would be so much easier to take your student out on
the road and demonstrate.”
—Hugh Beyer and Karen Holtzblatt
The designer is easily allured into thinking that he himself
is a typical user of his system. The untruth of this is best
illustrated by the following line of thought:
I am a typical PIMuser. I receive emails, I sched- The designer is not a
typical userule appointments, I take notes, and I write doc-
uments like this one. I am also a typical mo-
bile PIM user. I move around, I have multiple
offices, I communicate with people while on-
the-go. Why then am I not a good represen-
tative for the intended user population of my
system? Because I am I. I am the designer, the
person with the idea and the desire to imple-
ment that idea. Just because of that I already
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have more explicit knowledge about the to-be-
designed system than any of my potential users.
This holds true especially for a field as board and indi-
vidual as PIM. People adopt various strategies that vary
among formats and change over time (see Boardman and
Sasse [2004]). As an example, many people handle their
emails substantially different from how they handle their
bookmarks. This diversity of information handling strate-
gies must be taken into account when designing a new PIM
system or it will not be accepted by the users.
Consequently, there is a clear need to investigate currentThe contextual
inquiry allows
observing users in
their context
work practices of PIM. To do so, we have chosen a tech-
nique called Contextual Inquiry, allowing us to interview
and observe users in their work context. This, we hope,
will allow us to learn what common challenges are encoun-
tered and what strategies are employed to overcome these
challenges.
In addition to the Contextual Inquiry, we have included aA guided tour reveals
the structure of
organization
guided tour of the work space. This is a common tech-
nique for PIM studies with the aim of revealing internal
structures of the organization of personal information (see
Malone [1983]). Instead of concentrating on behavior and
activities, the tour illustrates how information is stored and
what organizational strategies are used. This information
is important to determine accurate user profiles and to help
understand the findings of the contextual inquiry.
4.1 Method
Beyer and Holtzblatt [1998] introduce the contextual in-
quiry as a field data-acquiring technique, designed to ex-
pose the structure of work, its unexpressed knowledge, and
the details that have become habitual and hidden.
Interviewing an individual is more natural, when the par-The contextual
inquiry is based on
the
master/apprentice
model
ticipants can draw on a simple, familiar relationship model
than on a list of rules. In the Contextual Inquiry a rela-
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tionship between master craftsman and apprentice is es-
tablished, where the interviewer takes on the role of the
apprentice. This model is very effective as it creates an ap-
propriate behavior for both participants: the master crafts-
man teaches by performing and explaining the work; the
apprentice learns by observing while being immersed in
the work himself. Neither participant needs to spend much
cognitive effort to keep up the relationship.
The designer is not interested in performing the work of The
master/apprentice
model is extended by
four principles
the user, though. He wants to design a system to support
this work. At the same time, he cannot afford the time an
apprentice would spend and often has to consider a widely
varying work practice. Therefore, adaptations to the model
are necessary, which are led by four principles:
• Context: Go where the user is. Gather data inside the Go where the user is
user’s context, while preserving the workflow with
only minor interruptions. Staying in context allows
to experience concrete details of work and ultimately
to reveal its inherent structure.
• Partnership: Involve the user. Discuss the structure of Involve the user
work as it gets uncovered. When something is dis-
covered that does not quite fit, interrupt the user and
ask her to explain the particular action. This reflection
will eventually make the user sensitive to her own ha-
bitual behavior and allow her to actively support you.
• Interpretation: Interpret findings immediately. Obser- Interpret immediately
vation discovers raw facts, which must be interpreted
before they become useful. Interpretations can be in-
correct though, which is why it is important to val-
idate them with the user by sharing and discussing
them.
• Focus: Concentrate on the aspects of work relevant to Focus on the design
the design, by establishing a clear focus and commu-
nicating it to the user. Actively direct the interview by
dropping irrelevant topics without discussion. Keep
inmind that focus conceals everything that is not cov-
ered by it, though. From time to time it is advisable to
break out of the focus and readjust your understand-
ing of work to match that of the user.
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Running a successful interview is all about playing an ad-
equate role during its course. The four principles and the
master/apprentice model assist the interviewer in assum-
ing such a role.
4.2 Participants
I have observed ten users in the field: a university profes-
sor, three PhD students, a shopkeeper, a lawyer, a clinic di-
rector, a staff manager, a field test coordinator, and a techni-
cal supervisor. Ages range from 28 to 60, and of the ten par-
ticipants two are female. All participants are experienced
computer users and have a long-established PIM system in
place.
I selected the participants according to the following crite-
ria:
• The participant should be what Drucker [1973] callsParticipants should
be ‘knowledge
workers’
a ‘knowledge worker’: an employee who’s value to a
company is based on his/her knowledge and the abil-
ity to generate new information. According to Mal-
one [1983], people with flexible jobs such as ‘knowl-
edge workers’ tend to have messier desks, which
Lansdale [1988] reasons is a sign of the technology
not adequately supporting the user. By concentrating
on ‘knowledge workers’, I hope to identify ingenious
and unexpected strategies adapted to work domains
that require extreme flexibility.
• The participant should be an expert in his/her fieldParticipants should
be experts with long work experience. This expertise should be
reflected in the way the participant organizes his/her
information. I was looking for people with a very ef-
ficient PIM system in place because I wanted to learn
from their strategies.
• The participants should be from a broad range of pro-Participants should
be diverse fessions. Since PIM is omnipresent throughout any
occupation, so should be my study participants.
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Each study lasted about four hours, of which the first hour Participants were
encouraged to talk
freely
was spent explaining the method and the focus, followed
by a guided tour of the office. During the tour, the partic-
ipant was encouraged to talk freely about his various in-
formation collections, but I also made sure that the most
common stores were included.
My focus was on personal information management in-
cluding challenges of the current organizational tools and
strategies to circumvent them.
I took only hand-written notes. Because of privacy con-
cerns, I could not record the observation on audio or video.
Much of the observed work was highly confidential and I
was not even allowed to take written notes of the content
of work.
During the observation, I tried to intervene as little as pos-
sible with the users. Some users tended to involve me ex-
tensively, adopting a think-aloudmethodwhile performing
their work. Others were more reserved, such that I had to
inquire about their current activities once in a while. When-
ever I saw an activity that fit my focus, I asked the user to
explain in detail what he/she was doing and why he/she
was doing it this way. I wanted to understand the activity
as well as its motivation in detail.
Finally, in the last 15 minutes, I summarized everything The findings were
summarized at the
end of a session
with the user to confirm its accuracy. I also invited the par-
ticipant to briefly discuss some of the more interesting find-
ings and how an improved PIM system could support the
activity. It was especially interesting to hear the users’ own
ideas about what should be changed about their systems.
4.4 Findings
I have divided the findings of the contextual inquiry into
three groups: (1) common activities users had to perform
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to work on their tasks, (2) typical strategies that were em-
ployed to achieve the individual goals, and (3) general chal-
lenges of the currently employed PIM systems.
Many of the findings of the study are outside the scope ofMany findings lie
outside the scope of
the project
this project. I still decided to include them in this thesis
because they might be interesting to fellow researchers. I
will refrain from discussing any of the findings here and
instead explain their influence when I am presenting the
design.
4.4.1 Activities
This section describes typical activities PIM users have to
accomplish. These activities can aid the construction of use
cases for testing purposes and to support the design pro-
cess. They can also be used as a means of motivation to
demonstrate how broad and complex the field of PIM is.
• Users need to plan incoming tasks and rememberUsers need to plan
tasks them in time.
• When working on a task, users need to identify whatUsers need to find
information information is required and decide where to find the
information. They need to remember whether it is al-
ready stored in their system and how it is stored, or
where to look for it outside their system.
• Upon encountering information, users need to decideUsers need to store
information whether the information will be needed in the future
and how to store it accordingly.
• Users need to work with their information at vary-Users need to work
with information at
varying levels
ing levels. In some situations, a document as a whole
might be considered as one entity, while in other situ-
ations each paragraph might be relevant by itself.
• Users need to share information with others. SharingUsers need to share
information is usually limited to certain information, recipients,
and time.
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4.4.2 Strategies
This section lists typically encountered strategies that illus-
trate how people cope with their PIM problems in their cur-
rent systems. Many of these strategies are likely to be com-
pensating strategies for insufficiencies of the PIM system.
They give valuable hints at how a PIM system should be
extended to make it more usable.
• Tasks are planned and processed using multiple Tasks are planned in
queuesqueues. These queues represent different levels of
subjective importance or are motivated by technical
needs. When a new task is encountered its impor-
tance is estimated and it is immediately sorted into
the appropriate queue. The queues are consulted reg-
ularly to gain an overview of what still needs to be
done and to decide what to work on next.
• Subjective importance is dependent on personal im- Importance is
dependent on
personal importance,
urgency, and
complexity
portance, urgency, and complexity. It is approxi-
mated using meta-data like sender information in
emails.
• Tasks that can be finished quickly are processed im- Quick tasks are
finished immediatelymediately, avoiding the queue entirely. Similarly,
tasks that can be delegated are done so immediately.
• Similar tasks are processed together. Similar tasks are
processed together
• Regular events are often rememberedwithout explicit Regular tasks are
remembered without
aid
reminders. Therefore, they are not regarded as active
information and kept out of immediate sight, even
when they are approaching.
• Complex tasks are divided into several subtasks, Complex tasks are
divided into coherent
steps
which are then processed individually. If necessary,
a checklist is generated as a reminder for the current
state of the task and the sequence of subtasks. The
state of tasks is sometimes also recorded inside the
corresponding information items.
• Related information items are kept together. Distinct Related items are
kept togetheritems, on the other hand, are kept separate.
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• Active information is kept highly accessibly and visi-Active information is
kept accessible ble to serve as a reminder of the task associated with
it and to provide an overview of the information. In-
active and finished information is removed from im-
mediate sight to avoid clutter.
• If an information item is easily accessible from itsEasily accessible
public items are not
stored
source, it is not stored in the system but the user relies
on the source instead.
• The underlying conceptual classification scheme isThe organization of
information is unified unified for all information. The depth of the classi-
fication, on the other hand, is adjusted to the amount
of data and might vary between the collections. Each
classification system is frequentlymaintained: It is ex-
tended if too many items are stored under the same
category and reduced if too few or no items are left in
a category.
• Information is ordered chronologically. Time holdsTime holds valuable
cues for retrieval valuable cues for retrieving information because
users find it easy to remember when an event took
place.
4.4.3 Challenges
This sections shows challenges of current PIM systems and
the breakdowns I have encountered. They demonstrate
the limitations of current systems and also illustrate gen-
eral challenges of PIM design, which should be considered
when designing a new system.
• Tasks do not always have explicit deadlines. Some-Task deadlines are
not always explicit times the time limit is inherent in the task itself, or
must be determined by the user.
• Sometimes the user is not able to or does not wantInformation is not
always filed
immediately
to file information immediately upon arrival. This in-
formation is kept in an unordered fashion, complicat-
ing the recall process, and requiring laborious main-
tenance activities.
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• When a task is interrupted, it is hard for the user to It is hard to recover
from interruptionsrecover her work.
• Private and professional life is strictly separated. Private and
professional life is
separated
Many users do not feel comfortable storing private
content on company hardware. Private and profes-
sional information, however, overlaps in many cases.
• Users must be aware of incoming tasks and messages Users must be aware
of eventswithout being distracted from their current work.
• A task queue motivated on technical issues, like the Distributing related
tasks in multiple
queues makes
planning more
difficult
email inbox, often separates related tasks from each
other, making planning activities more difficult.
Some of the activities, like the mobile aspect, and chal- Some of the findings
have influenced the
design
lenges, like the unwillingness to file information, have in-
formed the design of the first prototype (see chapter 5).
Many of the strategies, like keeping related items close and
unifying the information space, have confirmed our initial
design ideas. Others, like keeping active items more ac-
cessible, have inspired us to improve our ideas to come up
with the design of the second prototype (see chapter 6).
Conducting this contextual inquiry has provided me with
a much better understanding of the challenges and behav-
ior prevalent in PIM. I highly recommend this technique
to anyone who wants to do research in this area. There is
much that can be learned from the users and their behavior,
and they are eager to share it.
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Chapter 5
First Prototype:
Storyboards
“A lot of times, people don’t know what they
want until you show it to them.”
—Steve Jobs
Dix et al. [1997] describe storyboards as a very simple pro- Storyboards are
simple prototypestotypes that can be used to evaluate quickly whether the
design is heading in the right direction. They are graphi-
cal representations of the physical appearance of a system
without any of its functionality. Typically, they are realized
in the form of a comic strip, depicting how a user interacts
with the system.
Storyboards afford high-level feedback, meaning that user Storyboards afford
high-level feedbackwill concentrate on fundamental aspects of the system and
ignore small flaws of the interface. This feedback is very
useful at the beginning of a design process, since the system
is not entirely shaped, yet. Storyboards should be drawn by
using rough design sketches to consolidate affording this
kind of feedback.
We wanted to use storyboards to communicate our design
ideas to potential users and gather early feedback about
the system. This way we can ensure that we are working
on real problems and that our suggested solution appears
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reasonable and worthwhile. Through discussion about the
project, we also hope to raise early criticism of the concept
and ideas for improvement. Storyboards are ideal candi-
dates for these tasks because they can illustrate indefinite
ideas and afford open discussions.
I have created six storyboards, illustrating the Associative
PDA in three distinct situations, each encountered once
with and once without using the device. The storyboards
revolve around a young designer called Susan and her col-
leagues Eric and Peter. Figure 5.1 shows an example story-
board.
5.1 Situations
The situations were chosen to appear realistic and toSituations were
chosen to be realistic demonstrate the main advantages of the proposed system
over conventional systems. To achieve this, they have been
partly based on the findings from the contextual inquiry
(see chapter 4).
Each of the following sections tells the story of two sto-
ryboards. The actual comic sketches can be found in ap-
pendix A.
5.1.1 Situation 1: Un-filed Information
Susan wants to show her colleague Eric a picture of the de-
signs he has been working on. She remembers that Peter
has sent her a photography of the current prototype via
email.
Without the Associative PDA:
She opens her email client and initiates a keyword search
for the project name. The search produces too many re-
sults, though, to simply go through them. She decides to
reorder the list by sender and laboriously identifies the po-
sition where the Peter’s emails are located. There are still
many emails to go through, but she cannot think of any
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3 weeks later...
This is really 
interesting!
Let me check...
I’ll search for Peter, 2-4 
weeks ago, and conference 
room... Found it!
Here, take a look. 
Will this help?
In a meeting...
yap yap yap yap yap
...in this study by Brown...
Uh, didn’t we 
talk about 
something in a 
meeting a few 
weeks ago?
Do you know of a study 
we could include?
Figure 5.1: Sample storyboard: “Multi-Media Madness with the Associative PDA”
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other criteria to narrow down the results. She starts open-
ing the emails one by one, looking for the picture. Eric is
watching her all along, clearly getting impatient. After sev-
eral misses, she gives up and describes the design of the top
of her head instead.
With the Associative PDA:
She takes out the Associative PDA and accesses the project
item. Since there are many items related to the project, she
decides to create a combined search of the project and Peter.
The resulting list is still fairly long so she thinks of other cri-
teria to include. She is looking for a picture so it seems ob-
vious to limit the results to pictures. This yields only very
few results, which she can quickly browse and identify the
correct picture.
5.1.2 Situation 2: Multi-Media-Madness
In a meeting Peter talks about several interesting talks he
had attended while being at a conference last week. Susan
takes notes about most of the topics because she thinks they
might become relevant for her work. After the meeting,
Susan is tired and heads straight home.
Three weeks later, her colleague Eric approaches her and
asks her for advice on a problem. She remembers that one
of the topics Peter mentioned in the meeting would proba-
bly help Eric a great deal. She cannot remember any details
about it though and decides that she needs to find hermeet-
ing notes to look it up.
Without the Associative PDA:
By now, she has forgotten where she put the notes so she
tells Eric that she will get back to him when she finds them.
She first searches for them in her notebook, but cannot find
them. Then, she decides to search her computer. She starts
by browsing her file hierarchy but does not succeed. Some-
times, she emails herself important things so she quickly
checks her inbox but cannot find them there either. She
also considers a system-wide search but cannot think of any
keywords to use. Frustrated, she gives up on her computer
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and in a final attempt goes through all the stuff lying on her
desk. She finally finds the notes and immediately calls Eric.
With the Associative PDA:
She takes out her Associative PDA because she always
takes notes directly on the device. Since the meeting was
scheduled in the device and the notes were automatically
connected to the appointment, she knows that she only has
to find the appointment to find the notes. She initiates a
search looking for meetings involving Peter in the confer-
ence room, lying back around three weeks. The correct
meeting and its notes are easily identified. She hands Eric
the device to let him take a look.
5.1.3 Situation 3: Incoming Task On-The-Go
Susan has to attend a seminar out of town to learn about
new design techniques. During the seminar, her colleague
Peter approaches her and asks her for a copy of her meeting
notes. She tells him she will send him a copy the next day.
Without the Associative PDA:
She writes down a brief reminder on her seminar notes.
The rest of the seminar passes without any further coin-
cidences. It is very late when she finally arrives home and
heads straight to bed. The next day, she is swarmed with
other tasks to take care of and completely forgets about the
task.
A week later, she finally decides to go through her notes to
prepare a presentation for later that week. When she stum-
bles across the reminder to send the copy, she sighs and
immediately calls Peter to apologize for having forgotten.
With the Associative PDA:
She adds a new task to her Associative PDA with a short
message for herself and connects it to the next day. The
rest of the seminar passes without any further coincidences.
It is very late when she finally arrives home and heads
straight to bed.
The next day, as usual she goes through her to-do list on
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her Associative PDA and notices the new task to send Eric
a copy of the seminar notes. Glad that the system reminded
her, she gets right to it.
5.2 Evaluation
The storyboards were evaluated online while chatting with
test users or talking to them on the phone. A website was
created to assist the evaluation.
5.2.1 Participants
The storyboards were evaluatedwith eleven users: five stu-The storyboards
were evaluated with
eleven users
dents, two software developers, two teachers, a counselor,
and a retired person. Ages ranged from 23 to 61 and of the
eleven participants, four are female.
Participants were chosen to represent a broad user popula-
tion of different backgrounds and experience with comput-
ers.
5.2.2 Set-Up
The website served to organize and introduce the story-A website was used
to assist the
evaluation
boards. Each situation is described by a short introductory
paragraph and two links to the storyboards concerning the
situation are provided. The storyboards were presented
as high-resolution pixel-graphics, directly viewable in the
web browser.
The test users were guided through the entire evaluation.The evaluation was
guided I started out by collecting user profile information and ex-
plaining the project background. Then, for each situation
I asked the participants to read the introduction and then
look at the storyboards. Afterwards, I asked the following
questions depending on the type of the storyboard:
For storyboards without the Associative PDA:
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1. Does the scenario seem plausible?
2. Has the situation described in this scenario happened
to you before?
For storyboards with the Associative PDA:
1. Does the scenario seem plausible?
2. Can you imagine yourself adapting to the depicted
behavior?
I encouraged the users throughout the evaluation to com- Users were
encouraged to
comment freely
ment freely on the storyboards and the proposed system.
5.3 Results
All of our participants thought that the depicted situations The participants
considered the
situations plausible
were plausible. Most of them had experienced the prob-
lems and liked the proposed solutions. The actual results
are shown in figure 5.2.
Of the three people who had never experienced the first
situation (un-filed information), one keeps his/her emails
very organized, always filing incoming messages immedi-
ately and thus never has anything un-filed in his email in-
box. Another person always stores and organizes email at-
tachments in her file system, avoiding the situation just as
well.
The solution that was most criticized was that for situation Participants cannot
imagine entering
notes on a mobile
device
2 (multi-media madness). Many participants noted that the
success of this solution depends highly on the way infor-
mation is entered into the system. Very few could imagine
taking notes on a small electronic device, as they are avail-
able today. We avoid this concern by assuming that suffi-
cient input techniques will be available in the future. Al-
ready, there are promising new technologies emerging like
the Virtual Keyboard1 or the Anoto Digital Pen2 .
1http://www.millennia-3.com/virtualdevices/keypc.htm
2http://www.anoto.com/
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Figure 5.2: Number of users who have or could imagine
the depicted situations without the Associative PDA in red
and with it in blue
The one user who could not imagine himself adapting toThere are mobile
PIM devices
available
the behavior of situation 3 (incoming task on-the-go) likes
to keep all of his/her appointments in his/her head and
does not use any reminders at all. Several other partici-
pants noted that they would find it hard to remember tak-
ing the device with them at all times. This problem could
be solved by integrating the functionality of the Associative
PDA into a common cell phone because cell phones have
become ubiquitous and are rarely forgotten. Some partici-
pants, on the other hand, stated that they already acted out
the depicted behavior with devices available on themarket,
like cell phones and PDAs, but they are unhappy with the
clumsiness of interactions.
The evaluation of the storyboards has confirmed that our
target problems are real problems and that our solutions
appear realistic and useful. This is an important premise for
any design project and should always be validated before
delving into the design activities.
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Chapter 6
Second Prototype: Paper
“Design can be art. Design can be aesthetics.
Design is so simple, that’s why it is so complicated.”
—Paul Rand
A paper prototype is an excellent means of evaluating your
design at an early stage with low cost of implementation.
Snyder [2003] defines paper prototyping as follows:
Paper prototyping is a variation of usability In a paper prototype
a person plays the
computer
testing where representative users perform re-
alistic tasks by interacting with a paper version
of the interface that is manipulated by a person
“playing computer,” who doesn’t explain how
the interface is intended to work.
Usability testing using a paper prototype is a simple yet ef- Paper prototyping is
simple and efficientficient procedure. First, the audience of your system and
typical tasks are identified. Afterwards, the prototype is
created by sketching the interface on a piece of paper. Fi-
nally, it is evaluated with the users by interacting directly
with it. The designer plays the role of the computer, simu-
lating the reactions of the system to user input by manipu-
lating the paper prototype by hand.
Paper prototypes afford fundamental, high-level feedback Paper prototypes
afford high-level
feedback
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about the design. General aspects of your interface that
work especially well as well as those that have problems are
quickly discovered. The unpolished look of hand-written
or roughly designed sketches on simple paper incites the
user to concentrate on the general functionality of the de-
sign instead of its details.
We wanted to use the paper prototype to test our initial
design ideas and the basic interactions of the Associative
PDA. We needed to know whether the users understand
the concept of associations and how to interact with them
before implementing a working prototype.
6.1 Design
The main area of the device visualizes the network sur-The main area
visualizes the current
position in the
network
rounding the current position. All items related to the
current selection are arranged in a circle around the cen-
ter. Each item’s size is determined by its importance. If
there are more items than can fit on one page, they can be
browsed page-wise by touching the arrows at the top.
The center can be used as a temporary storage space. ByThe center is used
as a temporary store
and to construct
searches
dragging items into the center, a new representation of
that item is created, keeping it accessible for future refer-
ence. The center is also used to construct a search of shared
neighborhoods. By touching the empty space in the center,
the search is initiated and everything related to all items
currently held in the center is displayed.
The history bar in the middle always shows the last ac-The history shows
previously visited
items
cessed items. It works different from the common history
function in that a step backwards in the history is consid-
ered as a step forward and thus added to it. This has the
advantage that the user cannot loose steps in the history by
going backwards and then doing something else.
The bottom area displays the attributes of the current selec-The bottom area lists
attributes tion, which can be edited freely.
Below the screen there is a keyboard, which can be usedThe keyboard
initiates a keyword
search
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to perform a keyword search. Upon typing a keyword, the
view is updated to show only related itemswith amatching
attribute value.
Figure 6.1 shows an example screen of the prototype.
q w e r t y u i o p
a s d f g h j k l
z x c v b n m
FinalExam
Name: English 1
Cou
rse
Ou
tlin
e
Cl
as
sr
oo
m
Shakespeare:
H
am
let
i
Short
Stories
i
Grammar
i
English 1 2005
English 1 2005Courses ..
Year: 2005
Figure 6.1: Example screen of the paper prototype
Items can be selected by simply touching them. The view Navigating and
altering operations
are done by tapping
and drag & drop
is then updated to reflect the new position in the network.
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A new association can be created by dragging an item onto
another item. Associations can be removed by dragging the
appropriate item out of the circle of related items. These
operations, except the last, work with all representations of
the items.
An item is copied by dragging it into the center while hold-The star is used for
copying ing the star key. Similarly, items can be ‘star-dragged’ onto
other items, creating a copy of them and connecting the
copy to the target item.
An item name summarizes its attributes; it cannot beThe item name
summarizes the
attributes
changed by the user. For instance, for items of type person
the name shows the first name and the last name. This way,
the user does not have to explicitly name her information
items, which can be a hard task (see Lansdale [1988]).
We decided to arrange the related items in a circle for threeThe circular layout
helps break away
from thinking in
hierarchies and aids
spatial consistency
reasons: (1) we wanted to break away from the habits of
current PIM systems, which are centered around lists and
hierarchies; (2) arranging related items in a circle is a more
natural visualization of a network because it simulates the
visual layout of graphs and maps; and (3) we wanted to aid
recall by spatial consistency, keeping items roughly in the
same spatial position for the same approach.
The importance of items is determined by frequency of ac-Importance is
determined by
frequency of access
cess: The more often an item is accessed, the higher its im-
portance and the larger its size. The first page always holds
the most important items, providing easy access to them.
The remaining pages hold the rest of the items. The order-
ing is always alphanumerical or chronological.
The entry point to the network is the so-called home item,The home item lists
all types listing all information types as its neighbors. When select-
ing a type, all items of that type are listed. This way, the
user can identify items by their types. It can be accessed by
touching the house icon.
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6.2 Evaluation
The content of the prototype given to the users was based The content is based
on artificial dataon an artificial data set, reflecting the information of a high
school teacher. This example was chosen because it is a
well-known position for many people.
I made sure that each participant understood the con-
tent and the organization of the data before the evalua-
tion started. Further, the participants were assisted in any
content- and organization-related questions throughout the
evaluation. This does not affect the results, as we wanted to
test our design under the assumption that the data set was
well-known to the user.
We chose this approach because we did not see any other
convenient way to test our design ideas. It is impracti-
cal to create customized, real data sets for our users since
their information spaces are typically highly complex. Even
though it is possible to automatically convert a hierarchi-
cal system to an associative network, the resulting data set
would not benefit from the increased flexibility of the net-
work.
During the evaluation users were encouraged but not re- Observations were
discussed with the
participants
quired to describe what they were doing. We did not want
to impose unnatural behavior on the user. Instead, I dis-
cussed the observations I made during the test afterwards
to understand the underlying reasons and motivations.
6.2.1 Participants
I have evaluated the paper prototype with six users: two
computer science students, one pedagogics student, a uni-
versity professor, a lawyer, and a staff manager. Ages range
from 26 to 40, and half of the participants are female.
Participants were chosen to represent a broad user base of
different backgrounds and experience.
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6.2.2 Set-Up
This section describes the content that was provided for the
evaluations. Figure 6.2 illustrates the general layout of the
data.
3
**
*
** *
*
Student
Person
People
Birthday
Seminar
Tasks
Classroom
Teacher's 
Lounge
Locations
Message
Messages
Course 
Outline
Report 
Card
Evaluation
Final Exam
Attachment
Documents
Topic
Topics
Course
Courses
*
*
*
Figure 6.2: Layout of the example network. All connec-
tions, except those indicated otherwise, are 1:1 connections.
• The system is based on eight types (attributes noted in
parentheses): People (name, gender), Groups (name),
Tasks (name, date), Places (name), Messages (subject,
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text), Documents (title), Courses (title), and Topics (ti-
tle).
• There are nine courses stored in the system: ‘English
1’, ‘English 2’, and ‘History’, each for the years 2004,
2005, and 2006. Each course is connected to two doc-
uments, three different topics, and a location. All
courses, except ‘English 2’ in 2006 also have about 20
students associated with them. For each student and
each course there are two documents called ‘Evalua-
tion’ and ‘Report Card’ associated.
• Each of the eight topics is associated with the three
courses sharing a common name: for ‘English 1’:
‘Grammar’, ‘Shakespeare: Hamlet’, ‘Short Stories’;
for ‘English 2’: ‘Analytical Writing’, ‘Ellison: The In-
visible Man’, ‘Lee: To Kill a Mocking Bird’; and for
‘History’: ‘World War 1’, ‘World War 2’.
• There are six places stored in the system: ‘Audito-
rium’, ‘Classroom’, ‘Gymnasium’, ‘Home’, ‘School’,
and ‘Teacher’s Lounge’. ‘Teacher’s Lounge’ is con-
nected to five task items representing seminars called:
‘Seminar: Course Prep’, ‘Seminar: History’, ‘Seminar:
Short Stories’, ‘Seminar: Teaching Methods’, ‘Semi-
nar: Writing’. The dates of these tasks are set to lie at
least a month apart of each other. Some of the tasks
are in the future.
• For each person there is a task with a random date
associated called ‘Birthday’.
• There are no groups or messages, as they were not
needed for the evaluation tasks.
All possible ways to accomplish the evaluation tasks were The prototype was
limited to the views
required for the tasks
considered and the necessary views of the screen were
hand-drawn onto a printed template. Figure 6.3 shows this
template.
6.2.3 Tasks
After explaining the prototype with its interactions and the The tasks were
similar to the
storyboards
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a s d f g h j k l
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Figure 6.3: Print template for the paper prototype
data set, each participant was asked to fulfill four tasks.
These tasks are similar to the stories used for the first pro-
totype, ensuring that they are relevant tasks and supported
well by the Associative PDA. The tasks are listed below:
1. Plan Course Outline: You want to plan your course
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outline for English 2 for this year. To do so you de-
cide to start with the course outline of the same course
you held last year. You have already created the new
course in your system.
Task: Please find the old course outline, create a copy
of it, and connect it to the new course (English 2 2006).
2. Prepare a new Topic: You need to prepare the next topic
in the course English 2, which will be about Analyt-
ical Writing. You remember that you have attended
a seminar about this and other topics and would like
to review your notes. You don’t think that you have
connected the seminar notes with the topic. The sem-
inar took place in the teacher’s lounge, sometime last
month.
Task: Please find the seminar notes and connect them
to the topic.
3. Parent asks for Review: The parent of one of your stu-
dents, Eric Blue, in English 1 2006 calls and wants to
discuss her son’s report card. This report card, along
with a formal evaluation, is stored in your system.
Task: Find the report card and the evaluation.
4. Identify Repeaters: The principal of the school has sent
you a message that he needs a list of all students who
have repeated this year’s English 1 course.
Task: Identify all students that have taken English 1
in 2005 and 2006.
The tasks are increasing in difficulty. They were chosen to The tasks were
chosen to cover all
interactions
require the user to understand and use all features of the
system.
6.3 Results
The evaluation of the paper prototype provided only qual- Paper prototypes
typically yield only
qualitative results
itative data in the form of observations and user feedback.
This is typical for paper prototypes, as the interface is still
fairly rough and the interactions are only simulated by the
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designer. Nevertheless, qualitative feedback is very useful
at such an early stage of the design because it helps shape
the design to become more usable.
Our test participants enjoyed working with the prototype.The concept of
associations was
generally understood
The concept of associations was generally understood and
accepted. Most users did not face any problems navigating
the network and finding a quick path to the desired infor-
mation.
The only task that caused some difficulties was the fourthUsers had problems
with the search
operations
task, where users were supposed to create a search over the
neighborhoods of two items from the network. Three of
the participants did not remember how to perform such a
search. After explaining the feature again, they all mastered
the task without further problems, and one participant ex-
plicitly stated how much he/she liked the elegance of this
method.
Several participants especially liked the flexibility of theThe flexibility was
well-liked system. This is an important factor because every per-
son employs his/her own organization scheme. In com-
mon PIM systems, this flexibility is achieved by using
workarounds like creating shortcuts to files in multiple
folders.
Another user could imagine that organizing information
using associations might change the way of work entirely
and improve efficiency.
6.3.1 User Comments
While evaluating the prototype, many new challenges were
encountered, either from direct user feedback or from ob-
serving problems the users had solving the tasks. I imme-
diately discussed these issues with the test users to under-
stand the greater problem. For each point discussed here, I
will explain what we have later done to address it or why
we believe it is not a major problem.
• It might make sense to store time using associations.Time should be
stored as
associations
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In the presented prototype, time was stored as an at-
tribute. Using associations and time items instead has
the advantage that the interactions for handling time
are the same as for handling any other item. On the
other hand, it would probably lead to an explosion
of items and require special relationships between
points in time and periods. I will discuss this more
in chapter 9.
• The system should concentrate more on information Authoring is most
important task and
not supported well
review and authoring instead of its management be-
cause these are the most important tasks for the user.
Organization of information has no immediate pay-
back and, therefore, is not considered very important
by most users. The revenue of good organization be-
comes visible only upon recall, but then it is invalu-
able. This is why we believe that a system concentrat-
ing on the organization of information is a very useful
tool for the general practice of PIM. I will address how
this system might collaborate with authoring tools in
chapter 9.
• Users are used to thinking in hierarchies. They might Users are used to
hierarchiesfeel lost in a network without a static organization.
This issue has to be tested in future user studies us-
ing personal information sets. We hope that the users
will evolve successful strategies for storing and find-
ing information in an associative network, such that
they will not feel overwhelmed by the increased flex-
ibility any more.
• In current information systems it is possible to edit a Interaction order for
editing content
different than used to
document and then store the changes as a copy leav-
ing the original document unchanged. Users of such
systems might be used to this method of interaction,
which breaks down in the Associative PDA. While it
is imaginable to extend the system with such a mode
of editing, we believe our method is the better ap-
proach. Working first on the content and storing it
afterwards is likely to result in accidentally overwrit-
ing the original content. In general, we want to avoid
providing multiple ways to operate the system, fol-
lowing the principle of monotony (see Raskin [2000]).
• When intending to create an association, the user Creation of
associations might
lead to premature
conclusion errors
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might conclude prematurely when the target item is
found, without creating the association. This problem
is hard to avoid without introducing modes, which
we want to avoid (see Raskin [2000]). We hope that
this will not be a major problem and leave it open for
future testing.
• Search results might hold valuable information,Search results hold
valuable information which should be stored or shared with others. Since
search queries are treated just like other items, it is
possible to allow storing them in the network as in-
formation items. In general, it might be useful to be
able to store or share a certain subset of one’s data. I
will discuss some issues concerning information shar-
ing in chapter 9.
• The system has a higher organizational overheadThe system has a
high organizational
overhead
than common systems. This is one of the major crit-
icisms of using an associative network instead of a
hierarchy. The power of the network evolves with
the number of associations created, which means that
more work has to be put into the organization. We
hope that the users will recognize a high-enough pay-
off in the improved recall, such that the system will
become valuable for them. This has to be tested in
future studies with personal information sets.
• A network structure does not easily allow separationSeparation of
information not
supported well
of information into disjoint sets. This violates the
finding that users tend to keep information separate
from unrelated items. While it is technically possible
to achieve disjoint sets, it requires extra effort and dis-
cipline by the user. Again, we hope that users will cre-
ate successful strategies to overcome this challenge.
To test this, a users study on personal information sets
has to be conducted.
• The interactions for copying and linking of informa-The interactions for
copying items and
creating associations
are too similar
tion items are very similar, both in their operation and
visualization, and might be confused. Also, it is not
very intuitive how to perform both operations on the
current selection. The interaction for copying an item
has been reviewed and made easier in the third pro-
totype of the Associative PDA (see chapter 7). Instead
of dragging itemswhile holding the star button, items
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are copied by first selecting them and then touching
the star button. The selected item is then copied and
its copy is selected. Further, the selected item is now
visualized in a special area in the center, making it
more accessible for any operations. We believe that
these changes will solve the problem.
• Users can often identify multiple ways to reach the Multiple ways to
achieve the goal
require making a
decision
information, which forces an unnecessary and hard
decision on the user. We believe this might have been
an artifact of the user study because participants were
asked to explain what they are doing and tried to find
the best way to solve the task instead of jumping at
the first option they could think of. When working
with the system for real, we hope that users will be
less considerate about the way they reach their desti-
nation.
• Items can have the exact same name and appearance. Some items cannot
be distinguishedSometimes this is confusing, especially when items
with the same name are related to the same item or
when they are both placed in the center. This issue
has been partly fixed in the third prototype by dis-
playing the most important neighbor along with the
item’s name. This way it is very unlikely that in-
formation items look exactly the same. Because of
the limited space, this is not a viable solution for the
representation in the center, which remains an open
problem.
• The concept of searching the common neighborhood Searching the
network is hard to
understand
of multiple information items is hard to understand.
This was expected as the interaction method is new
and unfamiliar. We have shown in the evaluation of
the third prototype (see chapter 7) that this matter can
be improved with training.
• Information types can be mistaken for information Types can be
mistaken for itemsitems. While this is true, it does not lead to any grave
errors. The system will simply refuse to create a con-
nection between a type and an item, letting the user
know of the mistake. The issue could be avoided by
changing the visual appearance of the type items.
• Angular text is hard to read. In the third prototype Angular text is hard
to readof the Associative PDA (see chapter 7), the display of
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related items has been changed to circles with straight
text inside them, avoiding this problem.
• Simple operations like creating an association seemSimple operations
appear cumbersome overly cumbersome. You first have to navigate to the
first item, then drag it to the center, then navigate to
the second item, and finally drag it onto the first item
in the center. The main problem here is the limited
space of the device, not the associative network. Sim-
ilar operations on a common PDA operating system,
for instance Microsoft Windows Mobile, are just as
cumbersome if not worse. If users could open mul-
tiple views of the network at the same time, the op-
erations could be realized more efficiently. This issue
is apt for future research, especially in mobile input
techniques and data visualization on small screens.
• Mass-operations are poorly supported. This is a veryMass-operations are
poorly supported important issue, especially for creating andmanaging
a personal data set, and must be investigated further
in the future. I will talk about how mass-operations
can be supported in the associative network in chap-
ter 9.
• Some workers might not be able to use the systemPrivacy concerns
might limit
applicability
for security reasons, for instance those not allowed to
take any information outside the office. This is a gen-
eral problem of mobile devices. Advanced security
mechanisms might help solve this problem.
6.3.2 Suggestions for Improvement
Several interesting suggestions for improvement of the de-
sign evolved from the discussion of the breakdowns. These
ideas were the basis for the design of the improved proto-
type, which I will discuss in the next chapter.
• The history should influence the importance rating:History should
influence importance
rating
Items just visited or those related to just visited items
should be rated higher than others; items recently vis-
ited should be highlighted. This has been partially
implemented in the third prototype (see chapter 7) by
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computing item importance based on access and the
immediate history. I will talk about how this imple-
mentation can be improved further in chapter 9.
• Allow a system-wide keyword search originating Integrate
system-wide
keyword search
from the selected item with its results sorted accord-
ing to some distance measure like the sum of squared
distances. We intentionally do not want to include a
system-wide search in any prototype because we fear
that our users would overly rely on this feature and
ignore the features of the associative network. I will
discuss in chapter 9 how such a search could be real-
ized.
• The number of related information items should be Multiple pages are
poorly visualizedvisualized when there are multiple pages. Further,
the interaction style of browsing page-wise is slow
and cumbersome. This has been improved slightly
in the third prototype by visualizing the number of
pages (see chapter 7). In chapter 9, I will discuss how
this could be improved further using interaction tech-
niques like the fisheye view.
• Automatically generate associations when creating Associations should
be generated
automatically
new information items, for instance to recently vis-
ited items or the cloned item itself. These associa-
tions should be valued less than those added man-
ually. This approach, just like any automatic gen-
eration of content, will help reduce the workload of
the user while managing her information. With this
project we want to follow another approach though,
where we support the user as good as possible while
leaving her in total control. Please see chapter 2 for a
discussion of both approaches.
• Include a full screen edit and review mode for docu- Include a full screen
authoring modements. This feature is not necessary for the evaluation
at this stage because it does not illustrate any of the
features of the associative network. I will discuss in
chapter 9 how it could be implemented.
• In large sets, classify items by common attributes and Provide adaptive
classification by
common attributes
and relationships
relationships. For instance, the gender of a person is
always either male or female, providing a powerful
classification option. For locations or times, on the
other hand, the user could start with a very broad
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information item like a school or a month and then
move to more specific items. I will discuss this topic
and its implications in chapter 9.
• Include versioning of items and associations. When-Include versioning
ever an item or association is changed, instead of
overwriting the original, store it as a new version.
This feature is already available for common PIM sys-
tems in the form of concurrent versioning systems
like SubVersion1 . I will discuss in chapter 9 how this
could be integrated into the Associative PDA.
• Allow the construction of a hierarchy by defining anAllow the
construction of a
hierarchy from the
network
arbitrary root item. This makes sense for items that
are part of a logical hierarchy like locations. How this
could be implemented will be discussed in chapter 9.
• Create a similar system for the desktop computer.Port the system to
the desktop
computer
The concepts of an associative network could be used
in any computing system. We want to concentrate on
a mobile device though because we believe the mo-
bile aspect provides additional benefit for the users.
The results of the evaluation have yielded many problems
of the device and promising solutions to improve the de-
sign. In general though, it is apparent that our users under-
stand and accept the concept of associations.
Interacting with the system takes getting used to but is
eventually understood by the users. Conclusively, we have
decided to include a tutorial, explaining the concept of as-
sociations and the interactions of the system, in the next
prototype.
As a next step, we want to evaluate the performance of
our system and its interactions. To achieve this, a more ad-
vanced, working prototype is needed.
1http://subversion.tigris.org/
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Chapter 7
Third Prototype: Flash
“I saw the angel in the marble and carved until I
set him free.”
—Michelangelo
Adobe Flash (formerly Macromedia Flash) is a multimedia
authoring tool for web applications. It allows the designer
to create interactive vector animations by sketching indi-
vidual pictures in frames and creating transitions between
them. A scripting language called ActionScript is used to
implement the interactive aspects of the animation.
Preece et al. [2002] mention Macromedia Director, a more Flash is a common
prototyping toolpowerful variant of Macromedia Flash, as a common high-
fidelity prototyping tool. Flash prototypes can be very elab-
orate representations of the design. It is possible to cre-
ate convincing interfaces, for instance by using screenshots
of actual user interface components, and to make them re-
sponsive to user input. Typically, flash prototypes concen-
trate on the user interface and ignore any underlying func-
tionality. They demonstrate how the user would experience
using the system without having to implement the whole
system.
The goal of the Flash prototype is to evaluate the inter- Flash prototypes
afford low-level
feedback
face and its interactions in detail. Because of its convinc-
ing appearance, it appears very similar to a finished system
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and affords low-level feedback about details of the design.
The user assumes that the system’s concept is finished and,
therefore, does not question it. Instead she will concentrate
on specific interactions and give feedback about the feel of
the application.
Our goal was to create a convincing demonstration of the
Associative PDA using a Flash prototype to evaluate the
details of our design and, at a later point, to compare it to
competitive systems. This chapter describes the design of
the prototype and its evaluation. The comparative study is
presented in chapter 8.
7.1 Design
The appearance of the Flash prototype is very similar toThe design of the
Flash prototype is
based on the paper
prototype
that of the paper prototype. The general layout has stayed
the same. The graphics were overhauled to come across
more polished and the background has been changed to a
gray color to highlight the items. Figure 7.1 shows a screen-
shot of the Flash prototype.
The items in the main area are now displayed in circles, ar-The related items are
now displayed
without angular text
ranged around the center. The size of the circles is changed
according to the item’s importance. Its type is illustrated
in color, making different types stand out more. Below the
name of the item the most important neighbor’s name is
shown. This feature has been motivated by user feedback
from the evaluation of the paper prototype. The buttons
to browse multiple pages now include an indicator, visual-
izing the number of pages and the current position. This
is achieved by displaying a line for each page next to the
appropriate button. Browsing of pages is visualized by ro-
tating all related items in the respective direction.
In the top of the center area the current selection is shownThe center now
includes the current
selection
and can be interactedwith just like any other item represen-
tation. The area below can be used as before to temporarily
store items for future reference or to construct a search of
combined neighborhoods. On the right side a button in the
shape of a magnifying glass has been added, which will
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Figure 7.1: Screenshot of the Flash prototype.
trigger the search if clicked.
The history bar in the middle does not show the current The history does not
display the current
selection any more
selection any more. Adding a new item to the history is vi-
sualized bymoving all existing items one slot to the left and
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then placing the new item on the rightmost position. Two
buttons have been added on the far right: a back button to
move one step back in the history and a refresh button to
refresh the current view. The first operation was included
because of user feedback; the second because of an imple-
mentation problemwhere sometimes the interface is not re-
freshed properly. This problem is explicitly mentioned in
all task descriptions for the evaluation.
The details area at the bottom has remained the same as inThe details, keyword
search, and basic
operations are
unchanged
the paper prototype. The value fields have been realized
by editable text fields. Changes are applied immediately
without pressing a confirmation button.
The keyboard entry to perform a keyword search has been
realized using a text field. Upon typing the keyword the
main screen is updated immediately to show only related
items with a matching attribute value.
Items are selected by clicking them. They can be placed in
the center by dragging and dropping them there. All drag-
ging operations are visualized by displaying the name of
the item next to the mouse cursor while dragging. Associ-
ations are created by dragging an item representation onto
another. They are removed by dragging the item from the
main area anywhere onto the gray area. If a type is selected
while removing a related item, the item is deleted entirely.
Since fatal mistakes, like accidentally dropping an item onAn undo function
was included the gray area instead of the target item, are likely to happen
with this set-up, we have included an undo function to re-
cover from such errors. It is triggered by clicking a button
at the bottom of the device. Only altering operations, like
removing or creating associations or items and changing
attributes can be undone.
An item is copied by selecting it and then clicking the starThe star item now
copies the selected
item
button. This change was motivated by user feedback from
the paper prototype evaluation.
The importance of an item is computed by formula 7.1. It isImportance is now
dependent on
frequency of access
and last visit
determined by the number of times an item is accessed and
the time it was last accessed. By giving the former more
weight, recently visited items are highlighted by being dis-
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played in a larger circle than other items.
importance = max
(
0.9 ·
(
count
maxcount
)
, 1− (age/60)) (7.1)
with:
• importance: importance value of the item,
importance ∈ (0, 1)
• count: the number of times the item has been accessed
• maxcount: the number of times the most accessed item
of all related items has been accessed
• age: the time between now and the last time the item
was accessed in seconds
7.2 Implementation
The prototypewas implemented in Adobe Flash andmakes
use of a PHP back-end. Communication between front-
end and back-end is done via XML. The network with all
items, associations, attributes, and the history is stored in a
MySQL database. Figure 7.2 illustrates the implementation
layers and their communication.
Adobe Flash Prototype
PHP Back-End
MySQL Database
Figure 7.2: Implementation layers of the Flash prototype.
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7.2.1 Adobe Flash Front-End
The Adobe Flash front-end was realized using the script-A central object
controls most of the
communication
ing language ActionScript 2.0. A global object of the class
MainController takes care of most of the communication
with the PHP back-end and the creation of visual objects
like the related items and the history items. The MainCon-
troller provides functions to select a certain item, go back
one step in the history, perform a keyword search over the
selected item, create a copy of an item and select it, and
undo the last change. All of these operations are accom-
panied by a refresh of the screen, which calls the get.php
function of the PHP-backend, parses and stores the result-
ing XML string, and creates appropriate interface objects
for the returned information.
All item representations are objects of specialized classesItems are realized as
specialized objects (CenterItem, HistoryItem, RelatedItem, SelectedItem),
which manage all operations, like drag and drop manip-
ulation and navigation. This way the interface object can
decide for itself what to do depending on the operation and
the target.
A few animations were included to make the device appearAnimations are
realized in Flash more fluent. Whenever the user browses the related items
pages, the view is rotated 360 degrees in the appropriate
direction to create the illusion of moving through the item
space. Further, whenever a new item is added to the his-
tory, the existing items are moved to the left with the first
item disappearing from the screen to indicate a forward
movement in the history. These animations were realized
in Flash itself and are triggered by the corresponding Ac-
tionScript object.
7.2.2 PHP Back-End
The scripting language PHP was chosen for the back-end
because it provides the necessary XML functions to effi-
ciently communicate with Adobe Flash and the author was
already familiar with it. All parameters can be given using
either a GET or a POST HTTP request.
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The back-end provides the required functions for the The back-end
mediates between
the database and the
front-end
Adobe Flash application to query and alter the database.
This extra layer is necessary for two reasons: (1) Adobe
Flash does not come with integrated MySQL database sup-
port and (2) since Adobe Flash runs on the client machine,
the database communication would have to be done over
the open internet, which is a security risk and inefficient.
The back-end consists of three functions:
get.php
The get function retrieves the network information around get.php retrieves the
network informationa selected item and returns it in XML form. In addition it
is used to add new items and to perform an undo step. It
accepts four parameters:
• i: defines the database ids for the item to be selected.
If multiple items are provided, using a comma to sep-
arate the values, a search of the shared neighborhoods
of all items is performed. If no item id is provided the
last accessed item from the history is selected.
• s: defines the keyword for a keyword search.
• c: tells the system to copy an item. If its value is 1,
a copy of the selected item (provided by parameter
i) is created and returned as the new selection. For
the home item (id = 0) or a search, an exception is
triggered. For type items (id < 10) an empty item
with the according type is created. The use of this
parameter creates a new undo step.
• u: tells the system to perform an undo step. If its
value is 1, the last undo step from the database is re-
trieved and applied. Finally, the item from the param-
eter i is selected and returned.
The parameters s, c, and umust not be provided at the same
time. After processing the parameters, the counter of the se-
lected item is increased and the item, its related items, and
its attributes are retrieved from the database. Afterwards,
the importance is computed for each related item and they
are arranged appropriately. Finally, the history is retrieved
from the database.
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The output of the script is all the above information in XML
form. Figure 7.3 illustrates the layout of the XML docu-
ment. This output can be easily parsed by the Adobe Flash
application.
root
id
type
title
ts
item
"selection" id
type
title
ts
importance
size
item
"related items"
id
type
title
ts
importance
item
"single neighbor"
id
type
title
ts
item
"history items"
history
1*
1
1 *
Figure 7.3: XML Layout of the return string of the get func-
tion.
assoc.php
The assoc function is used to manipulate associations. Itassoc.php
manipulates
associations
accepts two parameters:
• i: must contain two existing item ids, which are sepa-
rated by a comma. The script then creates an associa-
tion in both directions between the items represented
by the two id values.
• d: must contain two existing item ids, which are sep-
arated by a comma. By invoking this parameter, the
script removes any associations between the items
represented by the two id values. If one of these items
is a type item, the other item and all of its attributes
and associations are deleted.
Only one parameter can be provided at a time and there is
no return value. This function creates a new undo step.
attr.php
The attr function is used to change the attributes of an item.attr.php manipulates
attributes
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It accepts three parameters:
• a: defines an attribute id to be altered. If this param-
eter is provided, the attribute represented by this id
value is changed.
• i: defines an item id for which a new attribute is to be
generated. If this parameter is given, a new attribute
will be created and connected to the item represented
by the id value.
• k: defines the new key name for the attribute.
• v: defines the new value for the attribute.
Either the parameter a or imust be provided, but not both.
Just like the previous function, there is no return value and
a new undo step is created.
7.2.3 MySQL Database
The associative network is stored in a relational database The database holds
the associative
network and the
history
on a MySQL server. For all tables the InnoDB engine was
used, allowing foreign key constraint checks. This ensures
data integrity by verifying the existence of foreign keys and
triggering automatic update operations on all tables with
reference to a key upon change. The database schema in-
cludes seven tables:
• types: Types holds all information types available in Types holds
information typesthe network and their respective names. For this pur-
pose, the field ‘type name’ stores the name in plu-
ral as displayed on the type node itself and the field
‘item name’ stores the name in singular as displayed
for each individual item.
• items: Items stores all information items in the net- Items holds
information itemswork. The type of an item is stored as a reference to
the types table. In addition, each item has a creation
time stamp, a title summarizing the main attributes,
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and an access counter. The creation time stamp is cre-
ated by the database upon creation. The title and the
counter, on the other hand, must be updated manu-
ally. There are several special items: The item with
id = 0 is the home item, items with id < 10 are type
items. These items have an empty type and have no
associations or attributes. They solely serve to store
the names of the home and type items.
• associations: Associations connects items with eachAssociations holds
associations other. Each association stores references to two dis-
tinct information items, creating an association be-
tween them. For performance reasons, the stored as-
sociations are directed such that all related items can
be determined using a simple select query. The back-
end is in charge of ensuring bidirected associations.
• dattributes: Dattributes holds the default attributes forDattributes holds the
default attribute keys an information item, depending on its type. A refer-
ence to the types table is stored for each record along
with the key of the attribute.
• attributes: Attributes stores the attributes for all in-Attributes holds
attributes formation items in the network. Each item can have
multiple attributes, which is achieved by including a
reference to an item for each attribute. In addition,
the key of the attribute and its value is stored. This
methodwas chosen to achievemaximumflexibility in
the choice of keys for attributes and not be restricted
by a default set.
• history: History stores the items the user has previ-History holds the
history ously accessed. This is done by storing a weak ref-
erence to the item. Weak means that no foreign key
constraints are checked, as items might be deleted af-
ter they have been accessed, but the history record
should still remain in the database. This solution is
simply a quick solution to the problem and should
not be adapted by the final system.
• undo: Undo holds all information necessary to undoUndo holds undo
queries altering operations. This is achieved by storing SQL
queries to recover the changed or lost data. Multi-
ple queries are stored in multiple entries of this table,
with all records belonging to one undo step having
the same value for the ‘step’ field.
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Figure 7.4 illustrates the database layout.
(int) association_id PK
(int) from_item_id FK
(int) to_item_id FK
associations
(int) attribute_id PK
(int) item_id FK
(varchar) key
(varchar) value
attributes
(int) attribute_id PK
(int) type_id FK
(varchar) key
dattributes
(int) history_id PK
(int) item_id
(timestamp) ts
history
(int) item_id PK
(int) type_id FK
(timestamp) ts
(varchar) title
(int) count
items
(int) type_id PK
(varchar) type_name
(varchar) item_name
types
(int) undo_id PK
(int) step
(varchar) query
undo
Figure 7.4: Database layout of the associative network.
Solid arrows indicate relationships; dashed arrows indicate
weak relationships.
7.3 Evaluation
Since an Adobe Flash prototype can be easily distributed The evaluation was
done onlineand tested with a broad user base over the internet, we
decided to create an automated online evaluation using a
website.
This decision was partly motivated by the results of a study the software of
mobile devices can
be remotely
evaluated
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by Waterson et al. [2002], where the authors have evalu-
ated how remote usability testing performs in comparison
to attended testing for mobile devices. They have found
that remote testing can successfully identify web content-
related usability issues, while it is not useful for identify-
ing device-related issues. We saw this as a confirmation
that this method of testing would provide us with good
data, because we were not interested in the performance
of the actual device, but how the interactions were under-
stood and executed. The issues we wanted to identify were
content-related and, because of the set-up, fairly similar to
web-content.
For the content, the example of a high school teacher’sThe content was
similar to that of the
paper prototype
information space was chosen again (see chapter 6) and
slightly modified. The report card document, connected to
each student of a course, was replaced by an information
item of a new type ‘Grade’ with one numerical attribute,
representing the actual grade for the student and course.
This was changed due to general user feedback, because a
report card was understood as an overview of all grades
of a student for a whole year. Further, a few unimpor-
tant items like the ‘Final Exam’ document were removed
to make the network less complex and easier to explain.
The evaluation consisted of three different aspects: the suc-
cess and completion time of tasks, user comments, and a
short survey at the end of the evaluation.
7.3.1 Participants
Of the 22 participants, five stopped the evaluation before
even reaching the actual tasks and five more did not finish
all tasks, leaving only twelve successful evaluations. Only
these twelve participants are considered in the results.
Half of the twelve participants are female and ages range
from 23 to 37. Occupations include eight students of vary-
ing fields of study (3x computer science, medicine, tech-
nical communication, pedagogics, electrical engineering,
cognitive science), a staff manager, a university professor
and two application developers.
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The evaluation was open to anyone who wanted to partic-
ipate. It was announced via email mainly to friends and
coworkers.
7.3.2 Set-Up
A website was created to guide the participant through the A website was used
to guide the
participants
entire evaluation. It was tested on Microsoft Windows run-
ning Internet Explorer 7.0 and Mozilla Firefox 1.5 and Mac
OS X running Safari and Mozilla Firefox 1.5. Both systems
had the latest Flash player installed.
The website was realized bilingual in German and English The website was
bilingualto allow international participation without impairing the
local population. At the beginning of the evaluation the
user can choose her language of preference.
Afterwards a short text explaining the background and
purpose of the evaluation is displayed. The text also ex-
plains the concept of associations and introduces the data
set.
On the next page the participant enters some general profile
information. Fields include gender, age, occupation, and
experience with computers. In addition the participant is
asked whether she has participated in the previous evalua-
tion of the paper prototype of the Associative PDA.
After this information is entered, the user is presented with A tutorial introduced
the device and its
interactions to the
user
the Flash prototype and seven tutorial tasks to guide the
user through the interface. The user can navigate the pro-
totype freely but gets very clear directives on what to do.
The tutorial aims at explaining the basic and advanced in-
teractions of the prototype and providing an understand-
ing of how the associative network works. Whenever a
tutorial task is successfully accomplished using the Flash
prototype, the website is notified and advances to the next
task, letting the user know of the success. At any time, the
participant can leave textual comments. It is also possible
but discouraged to skip the entire tutorial.
After the tutorial, the user is presented the actual evalua-
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tion tasks, one at a time. Similar to the tutorial, the par-
ticipant can navigate the Flash prototype freely, but is now
confronted with real PIM tasks and has to figure out the
individual solution by herself. Again, as soon as a task is
fulfilled thewebsite automatically advances to the next task
and lets the user know about the success. Comments can be
left at any time and Each task can be aborted to avoid get-
ting stuck. For each task completion time, history, and final
state of the network are stored.
Finally, the participant is asked whether she enjoyed work-At the end a short
survey is presented ing with the prototype and if she would consider using the
proposed system in her daily life. Additionally, the user
can leave more textual comments about the system before
finishing the evaluation.
7.4 Results
The results discovered many smaller flaws of the interfaceThe majority of
participants enjoyed
the system
and some fundamental problems of the system. Still, the
majority of users enjoyed working with the system and
would consider using the final system for themselves (7 out
of 12 for both). On a scale of -2 to 2, with -2 strongly nega-
tive, 0 undecided, and 2 strongly positive, our participants
voted on average 0.58 on whether they enjoyed the system
and 0.5 on whether they would consider using it.
Only about 70 % of all tasks were solved and task comple-Only 70% of all tasks
were completed tion times vary extensively between the users. Especially
tasks 1 and 4 have extremely high standard deviation val-
ues. The results of the statistical analysis are shown in fig-
ures 7.5 and 7.6.
There are several reasons for the low number of solved
tasks:
• Two participants did not read the task descriptionParticipants did not
read the tasks
thoroughly
thoroughly and therefore performed the wrong task.
For instance, both copied the ‘English 2 2005’ course
item instead of the ‘Course Outline’ document item
in task 2.
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• One participant could not find the ‘Teacher’s Lounge’One participant
accidentally changed
the network
item. It is likely that the user has accidentally deleted
the item during the tutorial.
• One participant has identified the students connectedOne participant
finished a task in a
way that was not
detected
to both courses ‘English 1 2005’ and ‘English 1 2006’
by hand, which the system did not accept as solving
the task.
• Two participants had problems understanding the in-Participants had
problems understand
the interactions
teractions for copying an item and creating associ-
ations, which prevented them from solving several
tasks. It seems that the tutorial was insufficient for
teaching these interactions.
• Two participants felt lost in the network and skippedParticipants felt lost
some tasks out of frustration.
Only the last reason is a problem of the associative network.Most of the reasons
for failed tasks are
not due to problems
of the design
It appears that for some users the visualization of the net-
work causes problems: First, the current selection is not no-
ticeable enough and should be more clearly distinguished
from temporary items. The users feel lost when they do not
know exactly where they are. Second, information items
and type items are indistinguishable but can only be navi-
gated from type to item. This behavior is inconsistent and
confusing. Third, the transition between items is sudden
and confusing. The animation of the history bar is distract-
ing at best.
The other problems were caused by flaws of the evaluation
method, mainly insufficient training. Since we wanted to
examine the system under the assumption that the interac-
tions are known to the user, they can be ignored.
The high variation of task completion times indicates thatThe high variance of
the results is
probably caused by
the unattended
evaluation style
the results are not very reliable. We blame this outcome
mainly on the unattended evaluation style. For once, users
were struggling with the interactions of the system, wast-
ing time on what should be known. Further, users proba-
bly took breaks during the evaluation, which could not be
tracked by the system. On several occasions the participant
remains at one information item for several minutes, which
could be interpreted as a very long consideration process
or, more likely, a break.
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Despite this, it was very reassuring to see that some users Some participants
performed very wellperformed very well on some tasks. Figure 7.7 shows the
best times for all tasks. As a reference, the author has mea-
sured his own performance to simulate that of an expert.
Considering that the users had to read and understand the
tasks unlike the author, a difference as low as 15 seconds
indicates that this user performed about as good as the au-
thor.
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Figure 7.7: Best task completion times of the users in blue
and the author in red
7.4.1 User Comments
The most useful results yielded the user comments during
and after the evaluation. This section lists all comments
and a quick discussion of how the described problem can
be solved:
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• The of automatic update of attributes is unfamiliar.The automatic
update of text field
values is unfamiliar
The participants expect to press a button to update
and store changes. Even though the behavior of the
prototype is unexpected, it is quickly understood and
liked by most participants. After all, it saves an
additional click. For this reason we do not intend
to change this behavior. To reduce the confusion it
would be advisable to include some kind of feedback
when the change is stored, like a transparent message
that disappears after a while.
• Similar objects in the center and the history are in-Similar items are
indistinguishable distinguishable. Similar to the related items, the most
important neighbor should be displayed as well. This
could be achieved by increasing the size of the history
bar and dynamically managing that of the center.
• The center area is too small. Some people would likeThe center area is
too small to keep many shortcuts in the center to keep active
items quickly accessible. We believe it makes more
sense to integrate these shortcuts into the network it-
self, for instance by creating a favorites item, which
can be accessed as easily as the home item and can be
connected to any items of the network.
• Navigation seems cumbersome. The participant feltNavigation seems
cumbersome that he/she needed to do too many clicks to browse
through the network. This is hard to comprehend
without being able to discuss it with the participant.
The issue should be considered more closely in future
user tests.
• Altering interactions like copying, creating associa-Altering interactions
are unclear tions, or deleting objects are unclear. This was amajor
problem of the evaluation and resulted in the failure
of several tasks. It is hard to decide whether this is
due to insufficient training or a general problem of
the interactions. Supervised testing with more users
and extensive training can settle this issue.
• Time is poorly visualized. Information highly depen-Time is poorly
visualized dent on time, like appointments, should be visualized
on a time scale. I will discuss in chapter 9 how this
could be realized in a future prototype.
• The concept of associations takes getting used to. TheThe concept of
associations takes
getting used to
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network appears very confusing at first and users can
easily get lost in it. Also, users tend to fall back to
thinking in folders and hierarchies, which results in
confusion and frustration. This is a problem of all rad-
ical innovations. The user is stuck in the metaphors
of her current environment and unwilling to adapt
to and learn new techniques, no matter how efficient
they are. This can be countered by simulating certain
aspects of the known environment and moving step-
wise to the innovative system. For the Associative
PDA, better visualizations of transitions and current
state could improve this matter.
• Multiple pages are poorly visualized and the anima- Multiple pages are
poorly visualizedtion for browsing through the pages is distracting at
best. I will discuss in chapter 9 how handling multi-
ple pages can be improved by using techniques like
the fish eye view.
• The display of each item’s most important neighbor is The display of the
most important
neighbor is confusing
useful, yet confusing, especially when the displayed
neighbor is closer related to the current selection than
to the item at hand. This problem is likely to be
caused by the unfamiliarity of the artificial data set
that was created for this evaluation. If the user cre-
ates the data herself, it is unlikely that connections of
the network will confuse her.
• Several participants have lost reference to a newly Newly created items
are lostcreated item, resulting in the item being lost in the
network. This problem could be principally avoided
by automatically creating a reference in the center
area when creating an item. Further, it is technically
possible to identify such orphan items in the network
and present them to the user.
• Type items are indistinguishable from information Types are
indistinguishable
from items
items and the type cannot be accessed from the item.
Some back reference to the type item should be in-
cluded for all information items. This reference could
be included in the list of related items or on a dedi-
cated screen space. By providing this way back, the
entire network can be considered as a hierarchy with
the home item as the root item, whichmight help new
users find their way.
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• The order of the related items changes after access-Changes in the order
of related items are
confusing
ing them because of a change of importance. This
makes systematically going through several items a
hard task and should be avoided. With a new visu-
alization of the pages, as will be discussed in chapter
9, this problem should become obsolete. A back op-
eration which takes the user back to exactly the same
screen would also solve this problem.
• More feedback is required for altering operations.More feedback is
required This should be implemented in a future version.
The unattended evaluation of this prototype did not workThe quantitative
results were not
statistically
significant
out as well as we had hoped. The recording of task comple-
tion times did not yield any statistically significant results
and the comments were partly hard to understand. Overall,
an attended user study of fewer participants would proba-
bly have provided more reliable results.
I would not recommend doing an unattended evaluationAn unattended
evaluation does not
work well with
innovative systems
like this one with any innovative new systems at such an
early stage in the design process. Many participants are
scared off by time-consuming tutorials and lengthy expla-
nations. Others skip the instructions and do not under-
stand the interactions or work on the wrong tasks. All these
problems are easily fixed by supporting the user during an
attended evaluation but are virtually inevitable in a remote
usability test. They are hard to identify and have great in-
fluence on the test results.
For the project, this evaluation has discovered several con-
crete flaws of the user interface, which should be fixed and
retested in future prototypes. Further, it has shown that
some users have major problems understanding some of
the interactions and getting used to the concept of associa-
tions. It became obvious that the tutorial provided in this
evaluation was no sufficient training for the test users and
should be improved in future evaluations.
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Chapter 8
Evaluation
“Interpretation is the revenge of the intellect
upon art.”
—Susan Sontag
As a final evaluation we have conduct another attended A comparative study
was conductedevaluation to compare the Flash prototype with a commer-
cially available reference system.
The participants were first introduced thoroughly to both Participants were
made familiar with
both systems
systems, their interactions, and the organization of infor-
mation in the system. Then, participants were asked to
solve four tasks on both systems. The time to perform
each task was measured, and any conspicuities and com-
ments were noted. The order of the system was alternated
throughout the participants to even out learning effects.
Afterwards, the participants were asked what system they
preferred working with and whether they could imagine
using a system like the Associative PDA for their daily
work.
Similar to the paper evaluation, users were encouraged to Participants were
encouraged to
describe what they
were doing
describe what they were doing but not required to do so.
Again, we decided to instead base our understanding of
the underlyingmotivation on succeeding discussions of the
observations.
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8.1 Participants
All participants were recruited from a computer science
graduate course. Ages range from 20 to 26, and of the
eleven participants, five are female. The participants are
all students of varying majors: one is in media informatics,
five in computer science, three in software-systems engi-
neering, and two in technical communication.
We wanted our participants to be very experienced com-The prototype was
tested with
experienced
computer users
puter users, to avoid technical challenges in handling either
the test or the reference system. For a comparative analy-
sis, it makes sense to test the interface with a uniform user
population.
All participants were completely unfamiliar with the
project and any of its prototypes. Some had experience
with the reference system.
8.2 Set-Up
The evaluation was held in a controlled lab environment.
Each participant was first introduced to the project and the
general concept of associations. Afterwards, a complete in-
troduction was given on the Associative PDA’s and the ref-
erence system’s interactions, content, and organization.
The Flash prototypewas done on anApple G5 runningMac
OS Xwith a 23” cinema display. The applicationwas run on
Safari with a simulated screen size of 350 by 482 pixels. To
interact with the system an external mouse and keyboard
was used. The content of the associative network was the
same as for the Flash prototype (see chapter 7).
For the reference system an HP iPAQ 4150 PDA runningThe reference
system was a Pocket
PC PDA
Microsoft Windows Pocket PC 2003 was used. The device
features a touch-sensitive screen with a resolution of 320
by 200 pixels. To interact with the system a pen and several
dedicated hardware buttons to access common applications
like the calendar, contacts, and the email inbox are used.
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All of the information from the associative network was The associative
network was
manually converted
to a hierarchy
transferred to the reference system. To create a fair test
environment, the organization of the information was con-
verted to the hierarchical structure of the Pocket PC. The
structure was distributed among three applications:
• File Explorer: The file structure is accessed by the file
explorer by selecting it from the start menu, located
on the startup screen. It contains all course informa-
tion and the seminar notes. At the root level there are
two folders called ‘Courses’ and ‘Notes’. In ‘Courses’,
there is a folder for each course labeled with the title
of the course. Inside, there is a folder for each year
the course was held and another folder called ‘Top-
ics’. Inside the ‘Topics’ folders there are folders rep-
resenting the topics relevant for the course. In each
folder representing a year of a course, there is an ex-
cel spreadsheet containing a list of all students of the
course with first name, last name, gender, and grade
ordered by last name, and a word document called
‘Course Outline’. Further, there is a folder called
‘Evaluations’ containing a text file named after each
student of the course in the format ‘Last Name, First
Name.txt’. Under the ‘Notes’ folder there is a folder
called ‘Seminar’, which contains a text file for each
seminar named after its title. Figure 8.1 illustrates the
structure of the file system visually.
The file explorer shows a scrollable list of all files and
folders of the active folder. A file or folder can be
opened by tapping on it. The active folder is dis-
played above the list and by tapping on it, all supe-
rior folders are shown and can be selected. By hold-
ing the pen on an item for a second, a menu appears
that lets the user delete an item or mark it for a copy
or move operation. To finish the operation, the pen is
held on the target folder and the paste command is se-
lected from the appearing menu. This way of interac-
tion is well-known to most users because of the copy-
paste paradigm omnipresent in most current operat-
ing systems. Figure 8.2 shows a screenshot of the file
explorer application.
• Calendar: The calendar is accessed by pressing a ded-
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Figure 8.1: Organization of the file system on the Pocket PC
icated hardware key. It contains appointments at the
corresponding dates for all seminars. These appoint-
ments are labeled by the name of the seminar, and the
‘Teacher’s Lounge’ is entered as the place. The semi-
nar notes are not stored with the appointments.
The calendar has five different modes of display: the
agenda view shows the appointments of a day as a
list of events; the daily view shows the appointments
of a day by time; the weekly view shows the appoint-
ments of a week by time and weekday; the monthly
view indicates days of a month with an appointment;
and the yearly view indicates days of a year with an
appointment. By clicking on an appointment, a de-
tailed view is opened, where name, date, place, and
other information about the event is displayed. Name
and place are also visible in the agenda and the daily
view. Figure 8.3 shows a screenshot of the calendar
application.
• Email Inbox: The inbox is accessed by pressing an-
other dedicated hardware key. It contains all mes-
sages from the associative network, with several mes-
sages being received on a single day. This was done to
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Figure 8.2: The file explorer application on the Pocket PC
simulate a normal work environment, where people
receive many emails over a single day.
The inbox consists of a chronological, scrollable list,
containing all received email messages. For each en-
try, the sender name, date, subject line, and size are
displayed. Further, emails with an attachment are vi-
sualized with a special icon. Each item can be opened
by tapping on the appropriate line. The detailed view
then displays the message content on the main part of
the screen and any attachments are listed at the bot-
tom. These can be stored in the file system by holding
the pen on them and selecting ‘Save as..’ from the
menu. In the upcoming dialog a file name and the
destination folder can be chosen. Here, only folders
from the first level of the hierarchy, in our example
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Figure 8.3: The calendar application on the Pocket PC
‘Courses’ or ‘Notes’ and several system folders, can
be chosen. After storing the attachment this way, it is
accessible through the file explorer and can be moved
to another position.
8.3 Tasks
Each participant was given four tasks to solve with each
system. The tasks were given in order with either the refer-
ence system or the prototype first. The order of the device
was alternated to even out learning effects.
The tasks were chosen to be very similar but not identicalThe tasks were
chosen to be very
similar between the
systems
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between the systems. They had to be similar because we
wanted to compare the performance of the systems for solv-
ing each task. On the other hand, they could not be iden-
tical, with the exception of task 1 and 4, because otherwise
the participant would already know where the sought in-
formation was located on the second run of the task, which
would be an unfair advantage.
When a user got stuck because he/she had forgotten a cer- Participants were
assisted when they
got stuck because of
missing knowledge
tain interaction or how the information was organized, the
clock was stopped and the aspect was explained again. Af-
terwards, the clock was started again. This was done be-
causewewere interested in the performance of experienced
users, who have knowledge of all the interactions and the
organization.
The tasks for the Associative PDA were:
1. Find the grade and evaluation for Melissa Martinez,
who is a student of English 2 2005.
2. Find the seminar notes, which have something to do
with short stories, of a seminar held at the end of May
in the Teacher’s Lounge and connect them to the topic
Short Stories.
3. Find the attached article of an email sent by Richard
Ward and connect it to the topic World War I
4. Copy the course outline document from the course
English 2 2005 to the course English 2 2006.
The tasks for the Pocket PC were:
1. Find the grade and evaluation for Melissa Martinez,
who is a student of English 2 2005.
2. Find the seminar notes, which have something to do
with writing, of a seminar held on a Saturday in Au-
gust in the Teacher’s Lounge and file them under the
topic Analytical Writing, which belongs to the course
English 2.
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3. Find the attached short story of an email sent by
RichardWard and file it under the topic Short Stories.
4. Copy the course outline document from the course
English 2 2005 to the course English 2 2006.
All tasks were explained in detail, and in addition, all inter-
actions required to fulfill the task were reviewed to avoid
later interruptions because of forgotten interactions.
8.4 Results
All of the participants enjoyed working with the prototypeAll of the participants
enjoyed the
prototype
and all would consider using it provided that it fit their
daily work context and was polished more. Two partici-
pants especially liked the integration of the keyword search
for attribute values, and one commended on the intuitive-
ness of the interactions for creating and deleting associa-
tions.
The majority of participants preferred the interactions ofThe majority of
participants preferred
working with the
prototype
the Associative PDA over those of the Pocket PC. Two par-
ticipants liked the operations in general better, while two
others liked especially the drag and drop operations. One
participant said that finding information on the Associative
PDA seemed easier than on the Pocket PC, and another one
was convinced that he/she performed better on the proto-
type, even though his/her average performance was better
on the reference system. We guess this might have been
caused by the user experiencing time passing by faster be-
cause of excitement and joy using the new system.
Despite all this enthusiasm, the Pocket PC outperformedThe Pocket PC
outperformed the
Associative PDA in
three out of four
tasks
the Associative PDA in three of the four tasks by up to 44
seconds (220.0 %). The standard deviation values of task
completion times are all fairly high (between 25 % and 50
%, with the exception of task 3 for the Pocket PC at about
15 %), indicating that the results are not overly reliable. The
statistical measures are presented in figure 8.4.
Part of the unreliability of the results is due to impreciseThe unreliability of
the results is
probably due to
imprecise time
measurements
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Figure 8.4: Average task completion times and their standard deviations of the
Associative PDA in blue and the Pocket PC in red
time measurement and arbitrary breaks for explanations of
the system’s interactions. These were more common for the
Associative PDA than for the Pocket PC, which explains
why the time values for the latter are slightly more reliable.
A general problem of this evaluation style is rooted in the
personal nature of PIM and will be discussed in chapter 9.
Further, we performed a paired, one-sided Student’s t-test A t-test showed that
only for task 4 the
two systems had
significantly different
means
to validate that the mean values for the two systems are sig-
nificantly different from each other. The results show that
this holds only for task 4 with p < 0.05. For the other tasks
it can not be ruled out that the difference in their means
happened by chance. Table 8.1 shows the result values of
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the t-test for each task.
t-test probability p
Task 1: 0.063
Task 2: 0.092
Task 3: 0.142
Task 4: 0.0002
Table 8.1: Results of the paired, one-sided t-test for each
task
Three outsider values, more than twice the standard devia-
tion above the average value, were ignored for the analysis.
The participants probably performed better on the Associa-The Associative PDA
had a clear
advantage in task 2
tive PDA for task 2 (assuming it was not by chance) because
on the Pocket PC multiple applications had to be used to
identify the correct information item. The users had to open
the calendar application and find the seminar to determine
its name before they could look for the notes in the file sys-
tem. There is no way for the users to determine from the
seminar notes whether the corresponding seminar was the
one asked for in the task since no dates were listed with
the notes. In the Associative PDA on the other hand, users
could get an overview of all seminars and then identify the
correct item by comparing the date attributes to the value
given in the task.
This situation could be considered artificial, as users could
store their notes in the calendar application or include a
date in the seminar notes. Still, none of the participants
objected against this separation when asked whether they
would consider the organization as logical and construct a
similar structure if they were in the suggested situation.
As in previous evaluations, the users had problems withSome users had
problems with the
interactions of the
prototype
some of the interactions and the data structure of the asso-
ciative network. At several occasions, despite having ex-
plained the relevant interactions a second time right before
the task, I had to interrupt the task evaluation and explain
the interaction again. This had some impact on the accu-
racy of the measurements but not on the overall perfor-
mance. It became apparent, though, that the interaction for
creating a new object must be redesigned. I will discuss
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how this could be done in chapter 9.
The rest of this section concentrates on the user comments,
which again yielded many interesting insights into what
the users thought about the system. There were two con-
crete suggestions for improvement: If an information item
has many attributes, a full screen mode should be imple-
mented to view and edit all attributes at the same time,
and the circles should be replaced by squares arranged
around the center block to save space. The first suggestion
is planned for a future prototype and will be discussed in
chapter 9. The second suggestions is interesting and should
be looked into more. The block arrangement impairs on the
flexibility in the number of displayed items but saves a lot
of screen space. I leave this for future research.
8.4.1 User Comments
The participants expressed several concerns about the pro-
totype during the evaluation. For each such problem I will
briefly discuss its consequences and how it could be solved.
• Three participants stated that the concept of associ- The concept of
associations is
unfamiliar
ations is unfamiliar and takes getting used to. An-
other participant even claimed that he/she feels over-
whelmed by the associative network. This was ob-
served before and must be considered more in the fu-
ture. One of the reasons for this problem is probably
the unfamiliarity of the information. With their own
personal information space, users are much less likely
to feel so overwhelmed.
• The concept of storing items temporarily in the cen- The center area is
unfamiliarter is unfamiliar and takes getting used to. The par-
ticipant described the center area as a clipboard in an
attempt to explain it with a metaphor from a famil-
iar information environment. This problem is similar
to the confusion arising from users not being able to
drop the idea of files and folders while working with
the system and is a general problem of innovative de-
signs. Distinguishing the center area more from other
UI elements might improve this matter.
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• One participant criticized that he/she has to planMultiple ways to
reach the information
require a decision
how to reach the information because there are mul-
tiple ways to reach it. This problem was found in the
evaluation of paper prototype as well (see chapter 6).
We believe that it is an artifact of the attended user
study as the participant is eager to find the best way
to the information and hope that this behavior will
not happen in a more natural situation.
• Another participant stated that the efficiency of theThe associative
network requires
extensive
maintenance
associative network relies heavily on the number of
associations and doubts that he/she would maintain
this network thoroughly enough. This concern was
expressed in the paper prototype as well (see chapter
6) and must be tested in a long-term study involving
real user data.
• The label of search items in the history is meaningless.Search items are
indistinguishable In future prototypes, search items should be labeled
to appropriately summarize their content.
• The position of important items, especially those re-Changes in the order
of items result in
confusion
lated to the home item, should not change. This issue
was also found and discussed in chapter 7. We hope
that this problem will be fixed with a better visual-
ization of multiple pages, which will be discussed in
chapter 9.
• One participant considered the history as an alterna-Relying on a history
instead of a hierarchy
takes getting used to
tive to the hierarchy. He/She stated that it makes
sense but takes getting used to. This concern is re-
lated to users getting lost in the network because of
its unfamiliarity. It might help especially new users
if a hierarchy towards the home item was introduced,
as discussed in chapter 7.
• Scanning of items in a circle layout is harder thanScanning of items in
a circle is harder
than in a list
scanning of lists. We do not believe this statement
to be true because interacting with data arranged in
a circle is very familiar because many modern clocks
are arranged in a circle. It would be interesting to re-
search this matter in a user test, but I will leave this
for future research.
• One participant claimed that the icons are too smallThe appearance of
the prototype must
be overhauled
and do not make much sense. Another participant
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simply stated that the system is unaesthetic. A third
participant said that he/she would consider using the
system only if it was more polished visually. Conclu-
sively, the appearance of the system seems to be a fac-
tor in its acceptance and should be improved in the
next prototype.
• Similar objects are not distinguishable in the center Similar objects are
indistinguishableand in the history. This problem was found and dis-
cussed in the evaluation of the Flash prototype (see
chapter 7) and can be fixed by including the name of
the most important neighbor in these items as well.
This final evaluation confirmed several known findings of
earlier evaluations but resulted in only few new insights
about the system. The results of the comparative study are
questionable at best because of the high variance and the
failure of the t-test.
After the decent success of the last two evaluations, it has
become apparent for us that there is a general problem of
evaluating PIM systems, which will be discussed in the
next section.
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Chapter 9
Conclusion
“The significant problems we have cannot be
solved with the thinking used to create them.”
—Albert Einstein
My work on the Associative PDA has been a great experi-
ence because I could apply the knowledge I acquired dur-
ing my studies of Human-Computer Interaction in a real
design project and gather valuable practical skills in de-
signing interactive systems and scientific research.
I started out by reading the current literature and getting
to know the theoretical background, user studies, and pro-
posed systems in the field of PIM. Afterwards, I have con-
ducted a contextual inquiry to better understand current
practices in the field. Then, in an iterative design process
of three cycles, I have refined the initial design ideas by
testing them with the users. Finally, I have evaluated and
compared the final prototype with a commercial solution in
another user test.
This project is far from being completed, though. The state The project is not
completedin which I leave this project, is a working and evaluated
interactive prototype, simulating many aspects of how the
final systemwill probably be like. I do not expect anymajor
changes in the interface or its interactions over this version.
Instead, future work should concentrate on implementing
96 9 Conclusion
user-suggested features, transforming the prototype into a
productive system, and evaluating it under more realistic
circumstances.
There are still some open issues left from the various eval-
uations, which I did not find the time to implement and
evaluate. I will discuss these issues briefly in this chap-
ter and make suggestions on how they could be covered.
Afterwards, I will explain why we believe that the disap-
pointing results of the quantitative evaluations of the third
prototype are caused by a general problem of evaluating
PIM systems. Finally, I will finish the chapter by giving a
summary of the most important points raised in this thesis.
9.1 Future Work
This chapter summarizes and discusses the issues found in
the various evaluations, which I did not find the time to
consider in my work. I will also provide ideas on how the
issues could be addressed in future prototypes of the sys-
tem.
9.1.1 Time
The use of time to organize information was left out of theImprove the use of
time in the
organization
prototype up this point because we were not decided on
how to realize it. This is a deficiency though, since the con-
textual inquiry has shown that time holds valuable cues
for information retrieval and the value of time has long
been acknowledged in the literature. Some projects, like
Lifestreams by Freeman [1997], go as far as using time as
their primary attribute for organizing information.
Time is set on a linear scale and follows a strict hierarchy,
where points in time are part of periods like a day, which
in turn are part of longer periods like a month. Depending
on the information item, a point in time or a period can be
relevant.
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In an associative network, time can be realized in twoways:
1. It can be stored as an attribute of the information.
This way special interactions must be designed to
quickly navigate to specific points in time or inter-
vals. For instance, the view of time-related items
could be realized as a time scale where items are rep-
resented by markers and the scale can be browsed
and zoomed.
2. It can be stored as an information item that is con-
nected to all items for which the time is relevant. This
way the known interactions of browsing the network
can be used for time as well.
In either case, the visualization of time-related information
like appointments should be changed to reflect the course
of time.
9.1.2 Authoring
So far, the prototype does not support any authoring of in- Include a full screen
authoring modeformation content like the text of a document. Even though
the system concentrates on the organization of information,
it must be possible to at least view the content or finding in-
formation would be useless. It would also help to include
simple editing functionality so the user does not have to
switch to another system to perform even small changes on
the content.
Authoring could be realized using a full screen edit mode,
which uses the entire screen to show the content of an infor-
mation item. This edit mode could be toggled using a ded-
icated hardware key at the side of the device. This mode
makes sense, even though in general we want to follow the
principle of modelessness proposed by Raskin [2000], be-
cause it makes good use of the severely limited screen space
and its state is clearly visualized.
The proposed full screen edit mode would also make sense
to display the attributes of items with very many attributes.
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9.1.3 Integrated Search Results
It makes sense to keep search results for future reference.Make search results
accessible So far this can be done by storing them in the center or they
can be found in the history. Bothmethods are not very prac-
tical, as the space in the center is very limited and should
only considered as temporary, and browsing a linear his-
tory is not very efficient.
Instead, search results should be stored inside the associa-
tive network such that the user can organize them into her
system. This can be realized in two ways: (1) the result
list can be stored as a static list, which is defined when the
search is performed or (2) the result list is stored as a dy-
namic list, which is redefined each time it is accessed by
performing the search again. Both ways make sense and
should be implemented. The latter must be specially visu-
alized though to indicate its dynamic nature.
9.1.4 Item Importance
So far item importance is computed by considering theImprove the
computation of item
importance
number of times an item is accessed and the last time it was
accessed. The reason why this is insufficient is best illus-
trated by an example: If a user is looking for the grade of
a student in a specific course, one strategy is to identify the
student, then move to the course, and expect the system
to highlight the grade, because it is connected to both the
current item and the last visited item. The current imple-
mentation does not act in this way.
To achieve the desired behavior, not only the time the item
itself was last visited must be considered but also the time
all of its neighbors were last visited. Items with recently
visited neighbors should be given increased importance.
9.1.5 Mass-Operations
Support for mass-operations is currently very limited. Op-Support
mass-operations
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erations cannot be applied to multiple items at the same
time. For large data sets this will probably become a major
flaw.
Mass-operations could be supported by allowing to per-
form operations on all currently shown related items. This
way the network and the keyword search can be used to
define the target of the operation. An example of such a
mass-operation is to connect all the students of a previous
course to a new course to indicate that the entire class has
advanced to this class.
9.1.6 System-Wide Keyword Search
So far the keyword search was limited to the related items Provide a
system-wide
keyword search
of the current selection. It makes sense to extend this
search to the entire network because information items
with unique attribute values like people can be found ex-
tremely quickly this way.
To preserve the local keyword search, results should be or-
dered by the distance from the current position. At first,
direct neighbors of the current selection with matching at-
tribute values are listed, then neighbors of neighbors, and
so forth. This way users can use a combination of posi-
tion in the network and keyword search to find information
items, which might yield interesting strategies for storing
and retrieving information.
9.1.7 Distance in Neighborhood Search
In the final prototype the search of the shared neighbor- Extend the search of
shared
neighborhoods
hoods of multiple information items could only find items
directly related to all provided source items. This function
should be extended to look through the entire network, or-
dering items by their distance to all provided items.
The ordering of items is influenced by the distance mea-
sure. If for instance the sum of the shortest paths from an
item to each source is chosen, it does not matter whether
100 9 Conclusion
the item is close to a single source or equidistant from all
sources, as long as the paths add up to the same number.
If on the other hand the sum of squared distances is cho-
sen instead, items that are about the same distance from all
sources are preferred over those very close to one source
but farther away from the rest.
Choosing the right distance measure is important for the
design of this function because if the user is only confused
by the results, the function is worthless to her. Implement-
ing several distance measures and letting the user choose
between them is not a viable solution, because it is unlikely
that the user knows which distance measure is best for her
purpose. The most appropriate measure can probably be
identified by conducting a user test. Alternatively, multiple
measures could be implemented if visualized accordingly.
For instance, close to a single source could be placed adja-
cent to the source or drawn in a similar shape or color.
9.1.8 Multiple Pages
The evaluation of the final prototype has shown that mul-Improve the handling
of multiple pages tiple pages of related items are poorly visualized and hard
to interact with. There are many visualization techniques
available for information lists but they must be adapted to
fit the circular design of the Associative PDA.
A fisheye view, for instance, could be arranged in a circle
to visualize multiple items. The fisheye view shows the fo-
cused item larger than the rest, allowing the user to view its
details while also providing an overview of the entire list.
Furnas [1986] provides a formal definition of fisheye views
and their application in information systems. One problem
of this method is that it is hard to indicate focus on current
touch-screens because touching the screen initiates a selec-
tion.
Another way to better visualize multiple pages of informa-
tion is guided by a crank metaphor. The user winds up the
information by turning a physical wheel at the side of the
device. The circle of items is turned in accordance with the
wheel to reveal more items, following the principle of nat-
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ural mappings (see Norman [1988]).
For both interactions it is necessary to change the current
implementation of the first page holding the most impor-
tant items. On the fisheye view this special page could be
removed entirely and important items could be indicated in
the overview. For the crank the first page could be left as is
but its end must be clearly indicated because the browsing
does not happen page-wise any more.
9.1.9 Classification by Deduced Categories
Categories for the classification of long item lists could be Introduce adaptive
classificationdeduced from attribute values or associations. For instance,
for people items the attribute gender is either male or fe-
male. If the user is presented with a long list of people,
it might make sense for her to choose from these possible
values for gender to narrow down the list.
Similarly, classification categories can be deduced from as-
sociations between the items. If for instance the user has or-
ganized her location items in several large items like coun-
try, which are connected to all contained items, the recall
process could be improved by letting the user choose from
these high-level items first and then from their related low-
level items.
9.1.10 Versioning
Concurrent versioning systems like SubVersion1 store ev- Support versioning
ery change of a document as a new version instead of over-
writing the old document. This process avoids loss of in-
formation and allows the user to recover previous versions
of the content that might hold valuable information.
This concept could be integrated into the Associative PDA
as well. Earlier versions of information items could be re-
alized as individual items connected to the next version.
1http://subversion.tigris.org
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When storing a change, a new item is created and all the
associations from the old version are moved to the new ver-
sion. If visualized properly, it would not even be necessary
to include version numbers because the order would be ap-
parent from the network structure itself.
9.1.11 Custom Hierarchies
By defining an item as a root item, the associative networkAllow the definition of
custom hierarchies can be used to simulate a hierarchy, with the depth of an
item represented by its distance from the root item. This
can be realized for any item of the network and makes es-
pecially sense for items that are logically organized in a hi-
erarchy like locations or times.
It might also make sense to base such a hierarchy on the
home item. This way users will probably be less likely to
feel lost in the network because they can fall back on a fa-
miliar way of organizing information. To realize this, all in-
formation items have to be connected with their type item.
9.1.12 Item Creation
From the evaluation of the final prototype it became appar-Improve the
interaction for
creating items
ent that the interaction for creating copies of items is error-
prone and should be redesigned. The interaction used for
the paper prototype, even though more complex, turned
out to be better because it allowed copying items directly
into the correct context. Another way to improve the cur-
rent implementation is to automatically create a reference
to the new item in the center because it is likely that the
users will want to connect it to other items.
We believe though that the interaction should be changed
fundamentally. We observed many users struggling with
it, loosing the copied item in the network or confusing it
with the original. The interaction is likely to be so problem-
atic because there is no equivalent of it in common systems.
Here, items are either copied directly into the correct con-
text or into the same context as the original. Maybe copying
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all associations of the original items might already improve
matters.
This concludes the discussion of open design issues. A suc-
cessful continuation of the project should consider and fix
most of these issues. I will now discuss a general problem
we encountered when evaluating the Associative PDA.
9.2 General Problem of Evaluating PIM
Systems
Personal information management is based on the personal Users know their
personal information
‘inside out’
information of the user. This implies that the user has cre-
ated and is actively working with the information. Con-
clusively, she knows the information ‘inside out’ and does
not need to stop and think about where or how she stored
something in her system.
Our evaluation method was to generate an artificial data Users do not feel
familiar with an
artificial data set
set, explain it to the users, and ask them to imagine it was
their personal data. In reality the data is in no way personal
to the test user and she will never identify with this data
the way she would with her very own data. Therefore, any
tests based on this artificial data will be biased by a missing
understanding caused by unfamiliarity of the information.
In conclusion, a good user test in PIMmust be based on au- PIM evaluations must
be conducted on
authentic personal
data
thentic personal information. For an innovative system that
overthrows some of the metaphors of current systems, like
the Associative PDA, this implies that the user has to mi-
grate all of her information to the new system and adapt
its organization to the new environment. This process,
though, requires an enormous amount of time and work,
and if the new system fails, the test user is still stuck with
it. A user test under these premises is unrealistic.
So, how can a PIM system be evaluated? Tomy best knowl-
edge, current literature does not provide any guidance on
this problem. The PIM systems with a released evaluation
all integrate seamlessly into current systems, so their eval-
uation could be conducted by installing the system on the
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test users’ systems and observing their new performance.
This approach is not feasible for a system like the Associa-
tive PDA.
The user tests we conducted did reveal many interestingUser tests on
artificial data can
reveal useful insights
insights, providing a good basis for an evaluation, but it is
unclear how to continue. We could develop more proto-
types and run the same tests with them, although I doubt
that many interesting results will evolve from these evalu-
ations. Somehow future prototypes must be tested under
better premises with realistic data sets.
Maybe it would be possible to work with only a small sub-Reduce the scope of
the user test to a
subset of PIM
activities
set of the information of a test user. The user could then
spend some time on organizing the information using the
new metaphors and getting used to the system. The tasks
could then be adapted to the subset of information. This
way the effort for creating a truly personal data set could
be severely reduced. If this reduction is enough and the
results remain relevant is questionable.
To conclude this chapter and the thesis, I will now summa-
rize the most important points raised in this document.
9.3 Summary
The work on this project has been in the spirit of this chap-
ter’s quote by Albert Einstein. Current practice of PIM is
bound by themetaphors predominant in modern operating
systems. We wanted to break free from these limitations by
dissociating from today’s way of thinking about PIM.
We have achieved this goal and come up with an innova-
tive system that breaks the accepted boundaries of PIM sys-
tems, for instance their inability to mirror every aspect of
the user’s way of thought. I believe, the Associative PDA is
more flexible and logical than any other PIM system on the
market or in the literature, without being too complex to be
usable.
The qualitative user feedback of our evaluations suggests
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that my beliefs are not entirely far-fetched. People under-
stand the system and appreciate the extra flexibility. They
see the associative network as a logically concise way of or-
ganizing information.
The Associative PDA provides all the necessary interac-
tions and visualizations to work with the associative net-
work on a portable device. In the long run, the user will
benefit from using it because of improved organization and
retrieval of her information and the ability to access it ubiq-
uitously.
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Appendix A
Storyboards
108 A Storyboards
Trying to find information that is not filed
Let me show 
you a picture
What does it look like? I know Peter sent 
me a picture so I‛ll 
check my email
Dina Project
I‛ll just search for 
the project...
No, that‛s not it.
sender
Peter
Peter
Peter
Peter
Peter
Maybe I‛ll find it by sender...
sender
Peter
Peter
Peter
Peter
Peter
Maybe this? No... This? No...
From: Peter
Subject:
I can‛t find it! 
Guess I‛ll have to 
describe it...
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Trying to find information that is not filed
with the Associative PDA
Let me show 
you a picture
What does it look like?
I‛ll start by looking at every-
thing related to the project...
No, that‛s 
too much...
I know Peter sent it to 
me so I‛ll include that in 
the search...
Still too 
much...
I‛ll reduce it to 
pictures only...
Found it!
Here, have a look!
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Multi-Media-Madness
3 weeks later...
Do you know of a study 
we could include? Uh, didn‛t we 
talk about 
something in a 
meeting a few 
weeks ago?
I am not sure, let me 
get back to you...
It‛s not in my 
notebook...
Emails? No... Project files? No... 
Maybe a system-wide search? 
But what keywords to use?
In a meeting...
yap yap yap yap yap
This is really 
interesting!
...in this study by Brown...
Maybe it‛s somewhere 
on my desk... Found it!
This should be 
all you need.
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3 weeks later...
This is really 
interesting!
Let me check...
I‛ll search for Peter, 2-4 
weeks ago, and conference 
room... Found it!
Here, take a look. 
Will this help?
In a meeting...
yap yap yap yap yap
Multi-Media-Madness
with the Associative PDA
...in this study by Brown...
Uh, didn‛t we 
talk about 
something in a 
meeting a few 
weeks ago?
Do you know of a study 
we could include?
112 A Storyboards
Incoming Task On-The-Go
On the way to a seminar...
Please send me a 
copy tomorrow
Ok
send
copy!
Seminar Notes
Next week in the office...
Time to go through 
the seminar notes
send
copy!
Oh no!
yap yap yap
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Incoming Task On-The-Go
with the Associative PDA
On the way to a seminar...
Please send me a 
copy tomorrow
Ok
The next day in the office...
What do I have 
to do today?
create 
task item 
and link it 
to col-
league and 
tomorrow
open 
tasks: 
send copy 
to col-
league
Right, I 
almost forgot
yap yap yap
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